
750 North St Paul, Suite 700
Dallas, Tfexas
75201-3222
214/979-3900 
Fax 214/979-3939

ICF TECHNOLOGY INCORPORATED

TO: Stacey Bennett, WAM, ERA Region 6

THRU: Marta Green, MK-Environmental Services

THRU: Debra Pandak, ICF Technology, Inc.

FROM: Kristine Lloyd, Task Manager, ICF Technology, Inc. -i:
/

DATE: October 19, 1993

REF: ARCS Contract No. 68-W9-0025
Work Assignment No. 35-6JZZ

SUBJ: Site Inspection Prioritization
Pine Bluff Arsenal, Pine Bluff, Jefferson County, Arkansas 
CERCLIS #AR0213370707

INTRODUCTION

The U.S. EPA Region 6 has tasked the Alternative Remedial Contracting Strategy (ARCS) team, 
MK-Environmental Services and ICF Technology, Inc. (MK/ICF), to complete a Site inspection 
Prioritization (SIP) package for Pine Bluff Arsenal located in Pine Bluff, Jefferson County, 
Arkansas. The objectives of the SIP are to generate a PREscore package with available data and 
to determine the data gaps that would greatly influence the site score so a decision can be made 
as to the status of the site.

SITE HISTORY AND DESCRIPTION

The Pine Bluff Arsenal (PBA) is located in the central portion of Jefferson County, approximately 
8 miles north of Pine Bluff and 30 miles southeast of Little Rock. The site contains 23 potential 
sources; the source that was evaluated for this SIP is located at 34°20’22‘ latitude and 92°03’54" 
west longitude (Figure 1). PBA lies on the west side of the Arkansas River and is 120 miles 
upstream from its junction with the Mississippi River.

PBA occupies 14,454 acres, including easements for railroad and natural gas distribution line 
right-of-ways. Construction of PBA began in December 1941 for manufacturing, loading and 
assembling of incendiary and chemical munitions, storage magazines, laboratories and other 
associated administrative and logistical support facilities. Originally, activities at the PBA involved 
the loading of magnesium and thermal type bombs. Expansion through the years included the 
manyfacture of chemical and biological agents and the filling of chemical bombs and munitions, 
including smoke munitions, with chlorine, mustard and lewisite.
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During the Korean War, PBA produced incendiary bombs, clusters, smoke grenades, smoke pots, 
canisters, white phosphorous and FS shells (sulfur trioxide-chlorosulfaric acid solutions). 
Biological warfare operations were started in 1953 and lasted until 1969. The demilitarization of 
all inventories of antipersonnel biological agents and munitions was completed in January 1972.

SIP OVERVIEW

There are 23 sources within PBA where hazardous wastes are known to exist (Table 1). The 
Mustard Burn Pit or Mustard Dump Yard was chosen to evaluate the PBA as it poses the greatest 
concern because of the contaminants detected, the hazardous waste quantity, the proximity of 
the Arkansas River and the available data regarding this source.

Using the available file data, it has been determined that the PREscore package for the Pine Bluff 
Arsenal does not exceed the minimum score necessary for placement on the National Priorities 
List. Contributing factors to the low score at PBA are the lack of ground water targets in the 
Alluvial Aquifer and the lack of an observed release in the Alluvial Aquifer. Additional contributing 
factors are the low population within the target distance limits from PBA and the lack of obsen/ed 
releases in the surface water and air migration pathways.

Source Waste Characterization

As stated previousiy, numerous sources exist within the PBA. The source evaluated for the 
PREscore package was the Mustard Burn Pits which was chosen after a cursory review of all the 
sources at PBA. The Mustard Burn Pits (also referred to as Source 12) cover 25 acres. These 
burn pits were primarily used as a burn and disposal area for mustard munitions for 
approximately 6 years in the 1940s. Contaminants detected at this source include arsenic, 
barium, chromium, lead and mustard by-products. This source was evaluated as a landfill in the 
PREscore as wastes were disposed into trenches then later backfilled. Four parallel trenches on 
the southern end of the site contain rusted munitions and 55-gallon drums. A larger pile of 
debris exists west of the four trenches where shell casings were stacked and burned with 
thermite. A smaller pile is present south of the four trenches. A large burning area located in 
the central portion of the site covered approximately 1 acre. Pits on the northern end of the site 
contain the remnants of tubes which held igniter mix for the munitions. A smaller burn area in 
the northern portion of this source covers approximately 10,000 square feet (Ref. 13, Figure 5-1).

There is currently no evidence to indicate that this source was lined. The site is located in the 
100-year floodplain of the Arkansas River and is not controlled for flooding.

Ground Water Pathway

PBA is underlain by two aquifers, the Quaternary sands and gravels of the alluvium and the 
deeper Tertiary Sparta Sand. The alluvium is less than 50 feet deep and is used for rural 
domestic purposes, farm irrigation and fish farming. There are no documented alluvial wells 
within the 4-mile radius; however, the possibility exists that there are wells within the target 
distance limit.



TABLE 1

POTENTIAL HAZARDOUS WASTE SOURCE AREAS 
AT PINE BLUFF ARSENAL

Source Area 
Number Source Area Name

2
4a
7a
7b
7c
7d
10
12
13a
16a
17

20a
20b
23a
24
26
27
29

29a
31a
31b
34
38

Webster Road Test Site 

504 Street Burn site 

Toxic Storage Yard 

Lewisite Disposal Site 

Mustard Burn Pits 

TSY Borrow Pits

Depot Burning and Demoiition Area

Abandoned Mustard Burning Pits

Abandoned Burn Pits

White Phosphorus Setting Pond

Product Assurance Test Range and Dump Site

Depot South Burn Pit

White Phosphorus Slag Burn Pit

White Smoke Test Pond and Dump Site

Termite Waste Disposal Site

Quality Assurance Drop Test Tower

Agent BZ Pond

Solid Waste Site

Salt Pile 54-120

Product Assurance Test Site

Standby Grenade Test Basin

NCTR Equalization Pool

Impregnite Sludge Lagoon



Monitoring wells were installed in the alluvium at the Mustard Burn Pits in 1982. An observed 
release could not be established because the downgradient concentrations of arsenic, barium, 
chromium and lead were not detected at levels at least three times the background well.

The Sparta Sand supplies water to the PBA and the City of Pine Bluff. The 8 arsenal wells are 
800 to 1,000 feet deep and serve approximately 982 workers. The wells are located within 3 
miles of the source. The City of Pine Bluff wells are not located within the 4-mile radius of this 
source. There is a possibility that other wells in the Sparta Sand exist within the 4-mile radius.

Surface Water Pathway

Surface water from the site flows Into the Arkansas River, which is approximately 100 feet to the 
east and is the Probable Point-of-Entry (PPE). The end of the 15-mile downstream target 
distance limit is in the Arkansas River.

The Arkansas River is used for fishing, boating and swimming. It has an average flow rate of 
52,324 cubic feet per second. It is not known if there are any drinking water or irrigation intakes 
within the target distance limit. The pounds of fish caught and consumed annually is not known. 
There are approximately 4 miles of wetland frontage along the Arkansas River. It is not known 
if there are any other sensitive environments within the 15-mile target distance limit.

No surface water samples have been collected from the PPE or in the Arkansas River; therefore, 
an observed release to the surface water pathway cannot be established.

Soil Exposure Pathway

It was estimated in the Closure Report for the Mustard Burn Pit that there are approximately four 
acres or 174,240 square feet of contaminated soil. The majority of the soil was from burned 
residue from the various types of disposal operations.

There is no documentation to indicate that there are residences, daycare centers or schools 
within 200 feet of the site. According to the U.S. EPA Geographical Exposure Modeling System 
and the U.S.G.S. 7.5 series topographical maps, there are no residences within 2 miles of the 
site.

Air Pathway

Air samples have not been collected from the Mustard Burn Pits; therefore, an observed release 
to the air pathway cannot be established. The population within the 4-mile radius is 1,088. The 
nearest regularly occupied building is approximately 1,200 feet from the Mustard Burn Pit. 
Federal endangered species have been reported on PBA (Mississippi Red Wolf, Peregrin Falcon 
and Red-cockaded Woodpecker) and 30 acres of wetlands are present on PBA. It is not known 
if there are sensitive environments located on the source area.



DATA GAPS

The following data gaps were identified within the evaluation of the PREscore package:

Alluvial ground water targets within the 4-mile target radius;

Additional Sparta Sand ground water targets within the 4-mile target radius; 

Wellhead Protection Areas in the Pine Bluff area;

Presence or absence of surface water intakes within the 15-mile target distance 
limit of the Arkansas River;

Exact location of endangered species on PBA;

The exact pounds of human chain food organisms caught and consumed annually 
from the Arkansas River;

Current number of employees at PBA;

Analytical data to establish whether an observed release has occurred to any of 
the migration pathways;

Exact depth soil samples were collected; and

Confirmation of sensitive environments within the target distance.
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PRESCORE DOCUMENTATION LOG SHEET

SITE:

IDENTIFICATION NUMBER: 

CITY:

STATE:
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PINE BLUFF ARSENAL 

ID #AR0213370707 

PINE BLUFF 

ARKANSAS

DESCRIPTION OF THE REFERENCE
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9

10

U.S. Environmental Protection Agency. Final Rule Hazard Ranking 
system. FR515312-51667. December 14, 1992.

Superfund Chemical Data Matrix. Appendices B-1, B-2 and C. March 
1993.

U.S. Environmental Protection Agency, Office of Solid Waste and 
Emergency Response, Office of Emergency and Remedial Response, 
Hazardous Site Evaluation Division. “PREScore Software User’s 
Manual and Tutorial", Version 1.0. Publication No. 9345.1-04. 
September 1991.

Installation Assessment of Pine Bluff Arsenal, Pine Bluff, Arkansas. 
Records Evaluation Report No. 113. August 1977.

Pine Bluff Arsenal, Hazardous Landfill/Closure Sites, Concept Design 
Analysis. U.S. Army Corps of Engineers, Volume 2 - Attachments A 
through F. August 1984.

EPA Form T2070-3, Site Inspection Report of Pine Bluff Arsenal. 
AR710, Pine Bluff Arkansas. Prepared by Thomas Smith, Geologist, 
Ecology & Environment, Inc. March 2, 1982.

Broughton, G. D., Hydrogeological Survey of Pine Bluff Arsenal. U.S. 
Army Engineers. Watercamp Experiment Station. August 1980.

Letter. Annual Net Precipitation. To: Lacy Sibold, U.S. EPA. From: 
Andrew M. Platt, Group Leader, The MITRE Corporation. May 26, 
1988.

Various Well Logs, Pine Bluff Arsenal.

Hershfield, D. M., Rainfall Frequency Atlas of the United States. U.S. 
Weather Bureau Technical Paper No. 40.



PRESCORE DOCUMENTATION LOG SHEET

REFERENCE 
NUMBER DESCRIPTION OF THE REFERENCE

Continued

U.S.G.S. 7.5 Series Topographical Maps. Reafield, AR; Wright, AR; 
Sherrill, AR; Hardin, AR; Whitehall, AR; Rob Roy, AR; Pine Bluff, AR; 
Ladd, AR, 1962. Photorevised 1971 and 1975.

Arkansas Water Resources Data. U.S. Geological Survey Water Data 
Report AR-90-1. 1990.

Site Closure Plan, Site 12, Mustard Burn Pits, Pine Bluff Arsenal, U.S. 
Army Corps of Engineers, Tulsa District. July 1985.

Regulation Establishing Water Quality Standards for Surface Waters of 
Arkansas. State of Arkansas, Department of Pollution Control and 
Ecology, Regulation No. 2 As Amended. January 1988.

U.S. Environmental Protection Agency Geographical Exposure 
Modeling System. Accessed June 4, 1993 by Kevin Jaynes.

RCRA Facility Assessment Evaluation, Prepared by A. T. Kearney 
Centaur for EPA Region 6, Technical Compliance Section. July 16, 
1987.
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Record Information

1. Site Name: US Army Pine Bluff Arsenal 
(as entered in CERCLIS)

2. Site CERCLIS Number: AR0213320707

3. Site Reviewer: Kristine Lloyd, ICF Technology Inc.

4. Date: October 8, 1993
5. Site Location: Pine Bluff/Jefferson County, Arkansas 

(City/County,State)

6. Congressional District: 4

7. Site Coordinates: Single

Latitude: 34“20*22. Longitude: 092°03*54.

Site Description

1. Setting: Rural

2. Current Owner: Federal

3. Current Site Status: Active

4. Years of Operation: Active Site , from and to dates: 1941 to present

5. How Initially Identified: Other Federal Program

6. Entity Responsible for Waste Generation:

- Federal Facility
Military

7. Site Activities/Waste Deposition:

- Surface Impoundment
- Waste Piles
- Industrial Landfill
- Drum/Container Storage
- Discharge to Sewer/Surface Water
- Airborne Release/Incineration
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Waste Description

PAGE;

8. Wastes Deposited or Detected Onsite:

- Organic Chemicals
- Inorganic Chemicals
- Solvents
- Acids/Bases
- Explosives
- Pesticides/Herbicides
- Metals
- Construction Waste
- Lead
- PCBs

Response Actions

9. Response/Removal Actions:

- Other Removal Action Has Occurred
- Other Emergency Action Has Occurred

RCRA Information

10. For All Active Facilities, RCRA Site Status: 

- Other - Site Closure Plan for var

Demographic Information

11. Workers Present Onsite: Yes

12. Distance to Nearest Non-Worker Individual: > 1 Mile

13. Residential Population Within 1 Mile: No

14. Residential Population Within 4 Miles: 1088.0
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Water Use Information

PAGE:

15. Local Drinking Water Supply Source:

- Ground Water (within 4 mile distance limit)

16. Total Population Served by Local Drinking Water Supply Source: Unknown

17. Drinking Water Supply System Type for Local Drinking
Water Supply Sources:
- Municipal (Services over 25 People)

18. Surface Water Adjacent to/Draining Site:

- River
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1. Site Name: US Army Pine Bluff Arsenal 
(as entered in CERCLIS)

2. Site CERCLIS Number: AR0213320707

3. Site Reviewer: Kristine Lloyd, ICF Technology Inc.

4. Date: October 8, 1993
5. Site Location: Pine Bluff/Jefferson County, Arkansas 

(City/County,State)

6. Congressional District: 4

7. Site Coordinates: Single

Latitude: 34°20'22. Longitude: 092°03'54

Score
Ground Water Migration Pathway Score (Sgw) 0.27
Surface Water Migration Pathway Score (Ssw) 0.50
Soil Exposure Pathway Score (Ss) 1.20
Air Migration Pathway Score (Sa) 0.68

Site Score 0.75

NOTE
EPA uses the terms "facility," "site," and "release" 
interchangeably. The term "facility" is broadly defined in CERCLA 
to include any area where hazardous substances have "come to be 
located" (CERCLA Section 109(9)), and the listing process is not 
intended to define or reflect boundaries of such facilities or 
releases. Site names, and references to specific parcels or 
properties, are provided for general identification purposes only. 
Knowledge regarding the extent of sites will be refined as more 
information is developed during the RI/FS and even during 
implementation of the remedy.
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GROUND WATER MIGRATION PATHWAY
Factor Categories & Factors Maximum

Value
Value

Assigned

Likelihood of Release to an Aquifer
Aquifer: Sparta Sand

1. Observed Release
2• Potential to Release

550 0

2a. Containment 10 10
2b. Net Precipitation 10 6
2c. Depth to Aquifer 5 1
2d. Travel Time
2e. Potential to Release

35 5

[lines 2a(2b+2c+2d)] 500 120
3. Likelihood of Release 550 120

Waste Characteristics

4. Toxicity/Mobility * l.OOE+02
5. Hazardous Waste Quantity * 10
6. Waste Characteristics 100 6

Targets

7. Nearest Well
8. Population

50 5.00E+00

8a. Level I Concentrations ** O.OOE+00
8b. Level II Concentrations ** O.OOE+00
8c. Potential Contamination * * 1.60E+01
8d. Population (lines 8a+8b+8c) ** 1.60E+01

9. Resources 5 5.00E+00
10. Wellhead Protection Area 20 5.00E+00
11. Targets (lines 7+8d+9+10) ** 3.10E+01
12. Targets (including overlaying aquifers) ** 3.lOE+01
13. Aquifer Score 100 0.27

GROUND WATER MIGRATION PATHWAY SCORE (Sgw) 100 0.27

* Maximum value applies to waste characteristics category, 
** Maximum value not applicable.
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SURFACE WATER OVERLAND/FLOOD MIGRATION 
COMPONENT
Factor Categories & Factors
DRINKING WATER THREAT

Maximum
Value

Value
Assigned

Likelihood of Release

1. Observed Release 550 0
2. Potential to Release by Overland Flow

2a. Containment 10 10
2b. Runoff 25 1
2c. Distance to Surface Water 25 20
2d. Potential to Release by Overland 500 210

Flow [lines 2a(2b+2c)]
3. Potential to Release by Flood

3a. Containment (Flood) 10 10
3b. Flood Frequency 50 25
3c. Potential to Release by Flood 500 250

(lines 3a x 3b)
4. Potential to Release (lines 2d+3c) 500 460
5. Likelihood of Release 550 460

Waste Characteristics

6. Toxicity/Persistence * l.OOE+04
7. Hazardous Waste Quantity * 10
8. Waste Characteristics 100 18

Targets

9. Nearest Intake 50 O.OOE+00
10. Population

10a. Level I Concentrations ** O.OOE+00
10b. Level II Concentrations ** O.OOE+00
10c. Potential Contamination ** O.OOE+00
lOd. Population (lines lOa+lOb+lOc) * * O.OOE+00

11. Resources 5 5.00E+00
12. Targets (lines 9+lOd+ll) ** 5.00E+00

13. DRINKING WATER THREAT SCORE 100 0.50

* Maximum value applies to waste characteristics category. 
** Maximum value not applicable.
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SURFACE WATER OVERLAND/FLOOD MIGRATION 
COMPONENT
Factor Categories & Factors
HUMAN FOOD CHAIN THREAT

Maximum
Value

Value
Assigned

Likelihood of Release

14. Likelihood of Release (same as line 5) 550 460

Waste Characteristics

15. Toxicity/Persistence/Bioaccumulation * 5.00E+05
16. Hazardous Waste Quantity * 10
17. Waste Characteristics 1000 32

Targets

18. Food Chain Individual 50 O.OOE+00
19. Population

19a. Level I Concentrations ** O.OOE+00
19b. Level II Concentrations ** O.OOE+00
19c. Pot. Human Food Chain Contamination ** 3.00E-06
19d. Population (lines 19a+19b+19c) ** 3.00E-06

20. Targets (lines 18+19d) ** 3.00E-06

21. HUMAN FOOD CHAIN THREAT SCORE 100 0.00

* Maximum value applies to waste characteristics category. 
** Maximum value not applicable.
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SURFACE WATER OVERLAND/FLOOD MIGRATION 
COMPONENT
Factor Categories & Factors
ENVIRONMENTAL THREAT

Maximum
Value

Value
Assigned

Likelihood of Release

22. Likelihood of Release (same as line 5) 550 460
Waste Characteristics

23. Ecosystem Toxicity/Persistence/Bioacc. * 5.00E+06
24. Hazardous Waste Quantity * 10
25. Waste Characteristics 1000 56

Targets

26. Sensitive Environments
26a. Level I Concentrations ** O.OOE+00
26b. Level II Concentrations ** O.OOE+00
26c. Potential Contamination * * l.OOE-03
26d. Sensitive Environments ** l.OOE-03

(lines 26a+26b+26c)
27. Targets (line 26d) ** l.OOE-03

28. ENVIRONMENTAL THREAT SCORE 60 0.00

29. WATERSHED SCORE 100 0.50

30. SW: OVERLAND/FLOOD COMPONENT SCORE (Sof) 100 0.50

* Maximum value applies to waste characteristics category. 
** Maximum value not applicable.
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SOIL EXPOSURE PATHWAY
Factor Categories & Factors
RESIDENT POPULATION THREAT

Maximum
Value

Value
Assigned

Likelihood of Exposure

1. Likelihood of Exposure 550 550

Waste Characteristics

2. Toxicity * 1.OOE+04
3. Hazardous Waste Quantity * 10
4. Waste Characteristics 100 18

Targets

5. Resident Individual 50 O.OOE+00
6. Resident Population

6a. Level I Concentrations ** O.OOE+00
6b. Level II Concentrations ** O.OOE+00
6c. Resident Population (lines 6a+6b) ** O.OOE+00

7. Workers 15 l.OOE+01
8. Resources 5 O.OOE+00
9. Terrestrial Sensitive Environments *** O.OOE+00

10. Targets (lines 5+6C+7+8+9) ** l.OOE+01

11. RESIDENT POPULATION THREAT SCORE ** 9.90E+04

* Maximum value applies to waste characteristics category. 
** Maximum value not applicable.

*** No specific maximum value applies, see HRS for details.
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SOIL EXPOSURE PATHWAY
Factor Categories & Factors
NEARBY POPULATION THREAT

Maximum
Value

Value
Assigned

Likelihood of Exposure

12. Attractiveness/Accessibility 100 l.OOE+01
13. Area of Contamination 100 4.00E+01
14. Likelihood of Exposure 500 5.00E+00

Waste Characteristics

15. Toxicity * l.OOE+04
16. Hazardous Waste Quantity * 10
17. Waste Characteristics 100 18

Targets

18. Nearby Individual 1 O.OOE+00
19. Population Within 1 Mile ** O.OOE+00
20. Targets (lines 18+19) ** O.OOE+00

21. NEARBY POPULATION THREAT SCORE ** O.OOE+00

SOIL EXPOSURE PATHWAY SCORE (Ss) 100 1.20

* Maximum value applies to waste characteristics category. 
** Maximum value not applicable.
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AIR MIGRATION PATHWAY
Factor Categories & Factors Maximum

Value
Value

Assigned

Likelihood of Release

1. Observed Release 550 0
2. Potential to Release

2a. Gas Potential to Release 500 0
2b. Particulate Potential to Release 500 280
2c. Potential to Release 500 280

3. Likelihood of Release 550 280

Waste Characteristics

4. Toxicity/Mobility * 2.00E+00
5. Hazardous Waste Quantity * 10
6. Waste Characteristics 100 2

Targets

7. Nearest Individual 50 2.00E+01
8. Population

8a. Level I Concentrations * * O.OOE+00
8b. Level II Concentrations ** O.OOE+00
8c. Potential Contamination ** 5.20E+01
8d. Population (lines 8a+8b+8c) * * 5.20E+01

9. Resources 5 5.00E+00
10. Sensitive Environments

10a. Actual Contamination *** O.OOE+00
10b. Potential Contamination *** 2.30E+01
10c. Sens. Environments(lines lOa+lOb) *** 2.30E+01

11. Targets (lines 7+8d+9+10c) ** l.OOE+02

AIR MIGRATION PATHWAY SCORE (Sa) 100 6.79E-01

* Maximum value applies to waste characteristics category. 
** Maximum value not applicable.

*** No specific maximum value applies, see HRS for details.
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1. WASTESTREAM QUANTITY SUMMARY TABLE, SOURCE: Mustard Dump Yard

a. Wastestream ID

b. Hazardous Constituent Quantity (C) (lbs.) 0.00

c. Data Complete? NO

d. Hazardous Wastestream Quantity (W) (lbs.) 0.00

e. Data Complete? NO

f. Wastestream Quantity Value (W/5,000) O.OOE+00

Documentation for Constituents:

There is insufficient information to determine the hazardous waste 
constituents; therefore, scoring proceeds to Tier B.

Reference: 1, 2

Documentation for Wastestream Quantity:

There is insufficient information to determine the hazardous 
wastestream quantity; therefore, scoring proceeds to Tiers C or D.

Reference: 1, 2
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2. SOURCE HAZARDOUS WASTE QUANTITY FACTOR TABLE

PAGE:

a. Source ID Mustard Dump Yard

b. Source Type Landfill

c. Secondary Source Type Burn Pit

d. Source Vol.(yd3/gal) Source Area (ft2) 12000.00 1089000.00

e. Source Volume/Area Value 4.80E+00

f. Source Hazardous Constituent Quantity 
(HCQ) Value (sum of lb)

O.OOE+00

g. Data Complete? NO

h. Source Hazardous Wastestream Quantity 
(WSQ) Value (sum of If)

0.OOE+00

i. Data Complete? NO

k. Source Hazardous Waste Quantity (HWQ) 
Value (2e, 2f, or 2h)

4.80E+00

Source
Hazardous Substances

Depth Liquid 
(feet)

Concent. Units

Arsenic < 2 NO 4.0E+01 ppm
Barium < 2 NO l.OE+04 ppm
Chromium < 2 NO 2.8E+02 ppm
Lead < 2 NO l.lE+03 ppm

Documentation for Source Type:

The Old Mustard Dump Yard was used primarily as a burn and disposal 
area for mustard munitions. The source encompassed approximately 25 
acres. There are mounds and trenches scattered across the site as a 
result of disposal operations (Ref. 5, p. 34). Four parallel 
trenches on the southern end of the site contained rusted munitions, 
residue from burning operations and 55-gallon drums. A larger 
munition pile was west of the 4 trenches. Pits on the northern end 
of the site contained the remains of tubes which held igniter mix 
for the munitions. A burn area in the center of the site covers 
approximately 60,000 square feet. A smaller burn area in the 
northern portion of the site covers about 10,000 square feet (Ref.
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5, pp. 34-35). 

Reference: 5

Documentation for Secondary Source Type:

Documentation has indicated that this source had two burn areas 
(Ref. 5, p. 34).

Reference: 5

Documentation for Source Hazardous Substances:

Contaminants detected at the Mustard Diunp source include arsenic at 
40 ppm, barium at 10,000 ppm, chromium at 280 ppm, lead at ilOO ppm, 
and mustard byproducts (Ref. 5, p. 35). Although this reference 
does not indicate at what depth these contsuninants were found, it 
will be assumed that they were are at depths less than 2 feet.

Reference: 5

Documentation for Source Volume:

It has been estimated that 12,000 cubic yards of contzuninated 
materials exist at this source (Ref. 5, p. 35). Contaminated 
materials include burn material about l foot thiclc, black mustard 
residue from 5 to 8 feet, approximately 2 feet of soil beneath the 
burn areas, and the discarded munition piles (Ref. 5, p. 35).

Reference: 5
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Documentation for Source Area:

The site covers approximately 25 acres (Ref. 5, p. 34). 

25 acres x 43,560 sq ft/acre = 1,089,000 sq. ft. 

Reference: 5, 13

PAGE:
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3. SITE HAZARDOUS WASTE QUANTITY SUMMARY

No. Source ID

Constituent or Hazardous 
Migration Vol. or Area Wastestream Waste Qty. 
Pathways Value (2e) Value (2f,2h) Value (2k)

1 Mustard Dump Yard GW-SW-SE-A 4.80E+00 O.OOE+00 4.80E+00
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4. PATHWAY HAZARDOUS WASTE QUANTITY AND WASTE CHARACTERISTICS SUMMARY TABLE

Migration Pathway Contaminant Values HWQVs* WCVs**

Ground Water Toxicity/Mobility l.OOE+02 10 6

SW: Overland Flow, DW Tox./Persistence l.OOE+04 10 18

SW: Overland Flow, HFC Tox./Persis./Bioacc. 5.00E+05 10 32

SW: Overland Flow, Env Etox./Persis./Bioacc. 5.00E+06 10 56

SW: GW to SW, DW Tox./Persistence l.OOE+02 10 6

SW: GW to SW, HFC Tox./Persis./Bioacc. 5.00E+04 10 18

SW: GW to SW, Env Etox./Persis./Bioacc. 5.00E+02 10 6

Soil Exposure:Resident Toxicity l.OOE+04 10 18

Soil Exposure: Nearby Toxicity l.OOE+04 10 18

Air Toxicity/Mobility 2.00E+00 10 2

* Hazardous Waste Quantity Factor Values 
** Waste Characteristics Factor Category Values

Note: SW = Surface Water
GW = Ground Water 
DW = Drinking Water Threat 
HFC = Human Food Chain Threat 
Env = Environmental Threat
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No. Aquifer ID Type Overlaying 
No.

Inter-
Connected

with
Likelihood 
of Release

Targets

1 Quaternary Alluvium Non K 0
2 Sparta Sand Non K 1

0
0

160
120

5.00E+00
3.10E+01

Containment

No. Source ID HWQ Value Containment Value

1 Mustard Dump Yard 4.80E+00

Containment Factor

Documentation for Ground Water Containment, Source Mustard Dump Yard:

There is no evidence to indicate that this source was lined. A 
source that is unlined receives a containment factor value of 10 
(Ref. 1, Table 3-2).

Reference: 1

Net Precipitation

Net Precipitation (inches) 23.3

Documentation for Net Precipitation;

The annual net precipitation for Pine Bluff, Arkansas is 23.36 
inches (Ref. 8).

Reference: 8
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Aquifer: Quaternary Alluvium 

Type of Aquifer: Non Karst 

Overlaying Aquifer: 0 

Interconnected with: 0

Documentation for Quaternary Alluvium Aquifer:

Pine Bluff Arsenal is underlain by two aquifers, the Quaternary 
sands and gravels of the alluvium and the deeper Tertiary Sparta 
Sand (Ref. 1, pp. 16-18). The Quaternary alluvium is usually less 
than 50 feet deep and is used in the surrounding areas for 
individual residence consumption, farm irrigation, and fish farming. 
Recharge is primarily by infiltration but along some reaches of the 
Arkansas River, the river is effluent to the aquifer (Ref. 7, p. 18) 
and is hydraulically connected with the river (Ref. 4, p. 1-13). 
Direction of ground water flow is generally east towards the 
Arkansas River (Ref. 4, p. 1-13).

Reference: 4, 7

OBSERVED RELEASE

No. Well ID Well Type
Distance

(miles) Level of Contamination

- N/A and/or data not specified

Observed Release Factor

Documentation for Well MW-166, 167, 168:

In 1982, one upgradient (MW-165) and 3 downgradient monitoring wells 
(MW-166, MW-167, and MW-168) were installed at the Mustard Burn Pits 
(Ref.16, p. 12-1). Inorganic contauninants were detected in the 
wells, however, concentrations in the downgradient wells did not
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meet observed release criteria (concentration were not detected at 
least 3 times the upgradient or backgound well) (Ref. 16/ pp. 12-11 
- 12-17).

Reference: 1, 16
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POTENTIAL TO RELEASE

Containment

Containment Factor 

Net Precipitation

Net Precipitation Factor 

Depth to Aquifer

A. Depth of Hazardous Substances 8.00 feet

Documentation for Depth of Hazardous Substances:

Black mustard residue was documented from 5 to 8 feet in one of the 
boreholes drilled at the source (Ref. 5, p. 35).

Reference: 5

B. Depth to Aquifer from Surface 21.50 feet

Documentation for Depth to Aquifer from Surface :

According to a driller's log of a hole drilled in September 1983 at 
the waste landfill area, which is located less than a mile from the 
Mustard Burn Pits, the sand was saturated at 21.5 feet below ground 
surface (Ref. 9, p. 1).

Reference: 9

C. Depth to Aquifer (B - A) 13.50 feet
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Depth to Aquifer Factor 

Travel Time

Are All Layers Karst? NO

Documentation for Karst Layers:

There is no docvimentation to suggest the presence of karst layers. 

Reference: 1, 7

Thickness of Layer(s) with Lowest Conductivity 3.00 feet

Documentation for Thickness of Layers with Lowest Conductivity:

According to the driller's log for hole no. 188/ there were 3 feet 
of clay encountered (Ref. 9, p. 1).

Reference: 9

Hydraulic Conductivity (cm/sec) l.OE-08

Documentation for Hydraulic Conductivity:

Clay has an hydraulic conductivity of l.E-08 cm/sec (Ref. 1, TeUsle 
3-6).

Reference: 1,2
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Travel Time Factor 5

Potential to Release Factor 160
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Aquifer: Sparta Sand 

Type of Aquifer: Non Karst 

Overlaying Aquifer: 1 

Interconnected with: 0

Documentation for Sparta Sand Aquifer:

The Sparta Sand is a confined aquifer and is not believed to be in 
hydraulic connection with the surface water or the alluvivua (Ref. 4, 
p. 1-13). The Sparta Sand supplies water to the arsenal and the 
City of Pine Bluff. The arsenal wells are 800 to 1,000 feet 
deep and ranges in thickness between 450 to 800 feet. Recharge is 
by infiltration in the outcrop area west of Jefferson County and by 
infiltration from the overlying Quaternary deposits north and 
southeast of Jefferson County (Ref. 7, p. 18).

Reference: 4, 7

OBSERVED RELEASE

No. Well ID Well Type
Distance

(miles) Level of Contamination

- N/A and/or data not specified

Observed Release Factor
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POTENTIAL TO RELEASE

Containment

Containment Factor 

Net Precipitation

Net Precipitation Factor 

Depth to Aquifer

A. Depth of Hazardous Substances 8.00 feet

Documentation for Depth of Hazardous Substances:

Black mustard residue was found from 5 to 8 feet in a borehole 
drilled at this source (Ref. 5, p. 35).

Reference: 5

B. Depth to Aquifer from Surface 613.00 feet

Documentation for Depth to Aquifer from Surface :

According to a well log for PBA Well No. 14, a medium coarse sand 
was encountered from 613 to 712 feet below ground surface 
(Ref. 4, Appendix d, p. D-13).

Reference: 4

C. Depth to Aquifer (B - A) 605.00 feet



PREscore 2.0 - PRESCORE.TCL File 05/11/93 PAGE:
GROUND WATER PATHWAY LIKELIHOOD OP RELEASE Sparta Sand AQUIFER 

US Army Pine Bluff Arsenal - 10/18/93

Depth to Aquifer Factor 1

Travel Time

Are All Layers Karst? NO

Documentation for Karst Layers:

There is no evidence of karst layers in this area.

Reference: 7

Thickness of Layer(s) with Lowest Conductivity 70.00 feet

Documentation for Thickness of Layers with Lowest Conductivity:

According to PBA Well Log No. 14, there were 70 feet of shale in 
this well (Ref. 4, Appendix D, p. D-13).

Reference: 4

Hydraulic Conductivity (cm/sec) l.OE-08

Documentation for Hydraulic Conductivity:

Shale receives an hydraulic conductivity of l.E-08 cm/sec (Ref. l. 
Table 3-6).

Reference: l

Travel Time Factor
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Potential to Release Factor 120
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Source: 1 Mustard Dump Yard

Source Hazardous Waste Quantity Value: 4.80

Hazardous Substance Toxicity Mobility 
Value Value

Toxicity/
Mobility
Value

Arsenic
Barium
Chromium
Lead

10000
10

10000
10000

l.OOE-02 
l.OOE-02 
1.OOE-02 
2.00E-05

l.OOE+02 
1.OOE-01 
l.OOE+02 
2.00E-01
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Hazardous Substances Found in an Observed Release

Well Observed Release 
No. Hazardous Substance

Toxicity
Value

Mobility
Value

Toxicity/
Mobility
Value

- N/A and/or data not specified
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Toxicity/Mobility Value from Source Hazardous Substances:

Toxicity/Mobility Value from Observed Release Hazardous 
Substances:

Toxicity/Mobility Factor:

Sum of Source Hazardous Waste Quantity Values:

Hazardous Waste Quantity Factor:

Waste Characteristics Factor Category:

l.OOE+02

O.OOE+00

l.OOE+02

4.80E+00

10

6
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Population by Well

No. Well ID Sample Type
Distance Level of 

(miles) Contamination Population

- N/A and/or data not specified

Level I Population Factor: 

Level II Population Factor:

0.00

0.00
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Potential Contamination by Distance Category

Distance Category
(miles) Population Value

> 0 to 1/4 0.0 O.OOE+00
> 1/4 to 1/2 0.0 O.OOE+00
> 1/2 to 1 0.0 0.OOE+00
> 1 to 2 0.0 O.OOE+00
> 2 to 3 0.0 O.OOE+00
> 3 to 4 0.0 0.OOE+00

Potential Contamination Factor; 0.000

Documentation for Target Population > 0 to 1/4 mile Distance Category:

There are no dociimented alluvial wells within the 0 to 1/4 mile 
radius.

Reference: 1, 11

Documentation for Target Population > 1/4 to 1/2 mile Distance Category:

There are no documented alluvial wells within the 1/4 to 1/2 mile 
radius.

Reference: 1, ll

Documentation for Target Population > 1/2 to 1 mile Distance Category:

There are no documented alluvial wells within the 1/2 to 1 mile 
radius.

Reference: l, ll
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Documentation for Target Population > 1 to 2 miles Distance Category;

There are no documented alluvial wells within the 1 to 2 mile 
radius.

Reference: 1/ 11

Documentation for Target Population > 2 to 3 miles Distance Category:

There are no documented alluvial wells within the 2 to 3 mile 
radius.

Reference: 1, 11

Documentation for Target Population > 3 to 4 miles Distance Category;

There are no documented alluvial wells within the 3 to 4 mile 
radius.

Reference: 1, 11

Nearest Well

Level of Contamination: N.A. 

Nearest Well Factor: O.OOE+00

Documentation for Nearest Well:

There are no documented drinking water wells within a 4 mile 
radius in the alluvial aquifer.

Reference: 4



PREscore 2.0 - PRESCORE.TCL File 05/11/93 PAGE!
GROUND WATER PATHWAY TARGETS FOR AQUIFER Quaternary Alluvium 

US Army Pine Bluff Arsenal - 10/18/93

Resources

Resource Use: YES 

Resource Factor: 5.00E+00

Documentation for Resources:

Wells in the alluvial aquifer are used for irrigation and fish 
farming (Ref. 7, p. 18).

Reference: 7

Wellhead Protection Area

No wellhead protection area

Wellhead Protection Area Factor: O.OOE+00

Documentation for Wellhead Protection Area:

There are no public supply wells in the alluvial aquifer. 

Reference: 7, pp 17-18
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Population by Well

No. Well ID Sample Type
Distance Level of 

(miles) Contamination Population

- N/A and/or data not specified

Level I Population Factor: 

Level II Population Factor:

0.00

0.00
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Potential Contamination by Distance Category

Distance Category
(miles) Population Value

> 0 to 1/4 0.0 0.OOE+00
> 1/4 to 1/2 0.0 O.OOE+00
> 1/2 to 1 0.0 0.OOE+00
> 1 to 2 607.5 9.40E+00
> 2 to 3 364.5 6.80E+00
> 3 to 4 0.0 O.OOE+00

Potential Contamination Factor: 16.000

Documentation for Target Population > 0 to 1/4 mile Distance Category:

There are no documented drinking water wells within the 0 to 1/4 
mile radius.

Reference: l, 4

Documentation for Target Population > 1/4 to 1/2 mile Distance Category:

There are no documented drinking water wells within the 1/4 to 1/2 
mile radius.

Reference: 1, 4

Documentation for Target Population > 1/2 to 1 mile Distance Category;

There are no documented drinking water wells within the 1/2 to l 
mile radius.

Reference: l, 4
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Documentation for Target Population > 1 to 2 miles Distance Category:

PBA uses 8 wells for their drinking water source. These wells 
are all in the Sparta Sand (Ref. 4, pp. i-ii - 1-13). There are 
approximately 972 workers at PBA, therefore each well serves 
approximately 121.5 persons (Ref. 4, p. 1-5). Five of these wells 
are located within the l to 2 mile radius. The total population 
served by these wells is 607.5.

972 persons/8 wells = 121.5 persons

121.5 X 5 wells = 607.5

Reference: 1, 4

Documentation for Target Population > 2 to 3 miles Distance Category:

The remaining drinking water wells are located within the 2 to 3 
mile radius. The total population seirved by these 3 wells is 364.5 
(Ref. 4, p. 1-5).

3 X 121.5 = 364.5

Reference: 4

Documentation for Target Population > 3 to 4 miles Distance Category:

There are no docximented drinking water wells within the 3 to 4 mile 
radius.

Reference: 4

Nearest Well

Level of Contamination: Potential 
Distance in miles: 1.50



PREscore 2.0 - PRESCORE.TCL Pile 05/11/93 PAGE:
GROUND WATER PATHWAY TARGETS FOR AQUIFER Sparta Sand 

US Army Pine Bluff Arsenal - 10/18/93

Nearest Well Factor: 5.00E+00

Documentation for Nearest Well:

The nearest well supplying drinking water is PBA Well No. 16, which 
is located approximately 1.2 miles northest of the Mustard Burn Pits 
(Ref. 4, pp. I-ll - 1-13). This well is in the Sparta Sand and is 
between 800 to 1,000 feet deep (Ref. 4, p. 1-13).

Reference: 4, 11

Resources

Resource Use: YES 

Resource Factor: 5.00E+00

Documentation for Resources:

It will be assumed that wells in the Sparta Sand are used for 
irrigation and aquaculture.

Reference: 1

Wellhead Protection Area

There is a designated wellhead protection area 

Wellhead Protection Area Factor: 5.00E+00
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Documentation for Wellhead Protection Area:

The exact status of the Wellhead Protection Program in the Pine 
Bluff area is not known. It will be assumed that a Wellhead 
protection Area exists for the Pine Bluff area.

Reference: 1
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No. Segment ID
Water

Segment Type Type

Start
Point
(mi)

End
Point
(mi)

Average
Flow
(cfs)

1 Arkansas River River Fresh 0.00 15.00 52324

Documentation for segment: Arkansas River:

The Mustard Burning Yard is adjacent to the Arkansas River. It will 
be assumed that there is an overland migration path of at least 100 
feet before drainage enters the Arkansas. The Arkansas River had an 
average flow rate of 52,324 cubic feet per second at a gaging 
station located near Pine Bluff (Ref. 12).

Reference: 11, 12
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OBSERVED RELEASE 

No. Sample ID Sample Type Distance 
(miles)

Level of Contamination 
DW HFC Env

- N/A and/or data not specified

Observed Release Factor

Documentation for Observed Release, Sample :

There is no Scunpling data from the Arkansas River; therefore, 
an observed release to the river cannot be documented.

Reference:
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POTENTIAL TO RELEASE

Potential to Release by Overland Flow 

Containment

No. Source ID HWQ Value Containment Value

1 Mustard Dump Yard 4.80E+00

Containment Factor:

Documentation for Overland Flow Containment, Source Mustard Dump Yard:

There is no evidence of a maintained engineered cover or functioning 
and maintained run-on control system and runoff management system. 
This source receives a surface water containment factor valure of 
10 (Ref. 1, Table 4-2).

Reference: l
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Distance to Surface Water

Distance to Surface Water: 

Distance to Surface Water Factor:

100.0 feet 

20

Documentation for Distance to Surface Water:

The distance to the Arkansas River is approximately 100 feet. 

Reference: ll

Runoff

A. Drainage Area; 25.0 acres

Documentation for Drainage Area:

The drainage area for the site is 25 acres. 

Reference: 11

B. 2-year, 24-hour Rainfall: 4.0 inches

Documentation for Rainfall:

The 2-year, 24-hour rainfall for the area is 4.0 inches. 

Reference: 10
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C. Soil Group: C
Moderately-fine textured soils with low infiltration rates

Documentation for Soil Group:

The soils around the Mustard Yard Dump are from the 
Crevasse-Portland association. These soils are deep, somewhat 
poorly drained and rapidly to very slowly permeable. The sandy and 
clayey bottom land soils are subject to frequent flooding (Ref. 4,
p. 1-21).

Reference: 4

Runoff Factor:

Potential to Release by Overland Flow Factor: 210
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Potential to Release by Flood

No. Source ID HWQ Value

Flood Flood
Containment Frequency 
Value Value

Potential 
to Release 
by Flood

1 Mustard Dump Yard 4.80E+00 250

Potential to Release by Flood Factor; 250

Documentation for Flood Containment, Source Mustard Dump Yard:

There is no evidence that this source was contained against 
flooding. This source receives a flood containment factor value 
of 10 (Ref. 1, Table 4-8).

Reference; 1

Documentation for Flood Frequency, Source Mustard Dump Yard:

The Mustard Burn Pits are located in the lOO-year floodplain of the 
Arkansas River (Ref. 13, p. 2-1).

Reference; 13
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Source: 1 Mustard Dump Yard

Source Hazardous Waste Quantity Value: 4.80

Hazardous Substance Toxicity
Value

Persistence
Value

Toxicity/
Persistence
Value

Arsenic
Barium
Chromium
Lead

10000
10

10000
10000

1.OOE+00 
l.OOE+00 
l.OOE+00 
l.OOE+00

l.OOE+04 
l.OOE+01 
l.OOE+04 
1.OOE+04
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Hazardous Substances Found in an Observed Release

Sample Observed Release 
No. Hazardous Substance

Toxicity Persistence Toxicity/
Value Value Persistence

Value

- N/A and/or data not specified
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Toxicity/Persistence Value from Source Hazardous Substances:

Toxicity/Persistence Value from Observed Release Hazardous 
Substances:

Toxicity/Persistence Factor:

Sum of Source Hazardous Waste Quantity Values:

Hazardous Waste Quantity Factor:

Waste Characteristics Factor Category:

1.OOE+04

O.OOE+00 

1.OOE+04 

4.80E+00 

10 

18
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Level I Concentrations

- N/A and/or data not specified 

Level II Concentrations

- N/A and/or data not specified

Most Distant Level I Sample

- N/A and/or data not specified

Most Distant Level II Sample

- N/A and/or data not specified
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Level I Concentrations

Intake

Distance Along the 
In-water Segment from the 
Probable Point of Entry (miles) Population

- N/A and/or data not specified

Population Served by Level I Intakes: 

Level I Population Factor: O.OOE+00

0.0
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Level II Concentrations

Intake

Distance Along the 
In-water Sei^ent from the 
Probable Point of Entry (miles) Population

- N/A and/or data not specified

ss;==s:=:=:s:======

Population Served by Level II Intakes: 

Level II Population Factor: O.OOE+00

0.0
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1

Potential Contamination

Intake ID
Average Annual 

Flow (cfs)
Population

Served
- N/A and/or data not specified

Documentation for Intake

There are no documented drinking water intakes within the target 
distance limit in the Arkansas River.

Reference: 13

Type of Surface 
Water Body

Total
Population

Dilution-Weighted
Population

- N/A and/or data not specified

====== ==========:========
Dilution-Weighted Population Served 
by Potentially Contaminated Intakes: 0.0

Potential Contamination Factor: 0.0

Nearest Intake

Location of Nearest Drinking Water Intake: N.A.

Nearest Intake Factor: 0.00

Resources

Resource Use: YES 

Resource Value: 5.00E+00
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Documentation for Resources:

The Arkansas River is used for contact recreation such as fishing, 
boating and swimming.

Reference: 14
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Source: 1 Mustard Dump Yard

Source Hazardous Waste Quantity Value: 4.80

Hazardous Substance Toxicity Persistence Bio- 
Value Value accum.

Value

Toxicity/
Persistence/
Bioaccum.
Value

Arsenic
Barium
Chromium
Lead

10000 l.OOE+00 5.00E+00 5.00E+04
10 l.OOE+00 5.00E-01 5.00E+00

10000 l.OOE+00 5.00E+00 5.00E+04
10000 l.OOE+00 5.00E+01 5.00E+05
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Hazardous Substances Found in an Observed Release

Sample Observed Release 
No. Hazardous Substance

Toxicity Persistence Bio- 
Value Value accum.

Value

Toxicity/
Persistence/
Bioaccum.
Value

- N/A and/or data not specified
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Toxicity/Persistence/Bioaccumulation Value from Source Hazardous 
Substances: 5.00E+05

Toxicity/Persistence/Bioaccumulation Value from Observed Release 
Hazardous Substances: O.OOE+00

Toxicity/Persistence/Bioaccumulation Factor; 5.00E+05

Sum of Source Hazardous Waste Quantity Values: 4.80E+00

Hazardous Waste Quantity Factor: 10

Waste Characteristics Factor Category: 32



PREscore 2.0 - PRESCORE.TCL Pile 05/11/93 PAGE; 54
SW PATHWAY: OVERLAND PLOW/PLOOD COMPONENT HUMAN POOD CHAIN THREAT TARGETS

US Army Pine Bluff Arsenal - 10/18/93

Level I Concentrations

- N/A and/or data not specified 

Level II Concentrations

- N/A and/or data not specified

Most Distant Level I Sample

- N/A and/or data not specified

Most Distant Level II Sample

- N/A and/or data not specified
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Level I Concentrations

Fishery
Annual Production 
(pounds)

Human Food Chain 
Population Value

- N/A and/or data not specified

Sum of Human Food Chain Population Values; 

Level I Concentrations Factor: O.OOE+00

0.OOE+00
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Level II Concentrations

Fishery
Annual Production 
(pounds)

Human Food Chain 
Population Value

- N/A and/or data not specified

Sum of Human Food Chain Population Values: O.OOE+00

Level II Concentrations Factor: O.OOE+00
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Potential Contamination

Fishery

Type of Average 
Annnual Surface Annual
Production Water Flow
(pounds) Body (cfs)

Pop. Dilution
Value Weight
(Pi) (Di) Pi*Di

1 Arkansas River 100.0 River 52324 0.3 l.OOE-04 3.00E-05

Sum Of (Pi*Di): 3.00E-05

Potential Human Food Chain Contamination Factor: 3.00E-06

Documentation for Arkansas River Fishery:

There is no documentation of the annual production of human chain 
organisms consumed from the Arkansas River. It will be assvimed 
that at least 100 pounds are consiimed annually.

Reference: 1

Food Chain Individual

Location of Nearest Fishery: Arkansas River 
Distance from the Probable Point of Entry: 0.00 
Type of Surface Water Body: River 
Dilution Weight: 0.0001000 
Level of Contamination: Potential

miles

Food Chain Individual Factor: 0.00

Documentation for Arkansas River:

The Mustard Burning Yard is adjacent to the Arkansas River. It will 
be assumed that there is an overland migration path of at least 100 
feet before drainage enters the Arkansas. The Arkansas River had an 
average flow rate of 52,324 cubic feet per second at a gaging 
station located near Pine Bluff (Ref. 12).
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Reference; 11, 12
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Source: 1 Mustard Dump Yard

Source Hazardous Waste Quantity Value: 4.80

Hazardous Substance Eco- Persistence Bio
toxicity Value accum.
Value Value

Ecotoxicity/
Persistence/
Bioaccum.
Value

Arsenic
Barium
Chromium
Lead

10 l.OOE+OO 5.00E+01 5.00E+02
1 l.OOE+OO 5.00E-01 5.00E-01

10000 l.OOE+OO 5.00E+00 5.00E+04
1000 l.OOE+OO 5.00E+03 5.00E+06
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Hazardous Substances Found in an Observed Release

Sample Observed Release 
No. Hazardous Substance

Eco-
toxicity
Value

Persistence Bio- 
Value accum.

Value

Ecotoxicity/
Persistence/
Bioaccum.
Value

- N/A and/or data not specified
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Ecotoxicity/Persistence/Bioaccummulation Value from Source 
Hazardous Substances:

Ecotoxicity/Persistence/Bioaccummulation Value from Observed 
Release Hazardous Substances:

Ecotoxicity/Persistence/Bioaccummulation Factor:

Sum of Source Hazardous Waste Quantity Values:

Hazardous Waste Quantity Factor:

Waste Characteristics Factor Category:

5.00E+06

O.OOE+00

5.00E+06

4.80E+00

10

56



PREscore 2.0 - PRESCORE.TCL Pile 05/11/93 PAGE: 62
SW PATHWAY: OVERLAND PLOW/PLOOD COMPONENT ENVIRONMENTAL THREAT TARGETS

US Army Pine Bluff Arsenal - io/lS/93

Level I Concentrations

- N/A and/or data not specified 

Level II Concentrations

- N/A and/or data not specified

Most Distant Level I Sample

- N/A and/or data not specified

Most Distant Level II Sample

- N/A and/or data not specified
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Level I Concentrations

Sensitive Environment

Distance from Probable 
Point of Entry to 
Sensitive Env. (miles)

Sensitive
Environment
Value

- N/A and/or data not specified

Sum of Sensitive Environments Values: 

Wetlands

Wetland

Distance from Probable 
Point of Entry to 
Wetland (miles)

Wetlands 
Frontage (miles)

- N/A and/or data not specified

Total Wetlands Frontage: 0.00 Miles Total Wetlands Value: 0

Sum of Sensitive Environments Value + Wetlands Value: O.OOE+00

Level I Concentrations Factor: O.OOE+00
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Level II Concentrations

Sensitive Environment

Distance from Probable 
Point of Entry to 
Sensitive Env. (miles)

Sensitive
Environment
Value

- N/A and/or data not specified

Sum of Sensitive Environments Values: 

Wetlands

Wetland

Distance from Probable 
Point of Entry to 
Wetland (miles)

Wetlands 
Frontage (miles)

- N/A and/or data not specified

Total Wetlands Frontage: 0.00 Miles Total Wetlands Value: 0

Sum of Sensitive Environments Value + Wetlands Value: O.OOE+00

Level II Concentrations Factor: O.OOE+00
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Potential Contamination

Sensitive Environments

Type of Surface 
Water Body Sensitive Environment

Sensitive
Environment
Value

Wetlands

Type of Surface 
Water Body Sensitive Environment

Wetlands
Frontage

Wetlands
Value

River 1 Wetlands 4.00 100

Documentation for Sensitive Environment Wetlands;

There are an estimated 4 miles of wetlands frontage along the 
Arkansas River approximately 2 miles downstream from the PPE.

Reference; 11
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Type of Surface 
Water Body

Sum of Sens. 
Environment 
Values(Sj)

Sum of
Wetland Dilution 
Frontage Weight 
Values(Wj) (Dj) Dj(Wj+Sj)

Large River 100 l.OOE-04 l.OOE-02

Sum of Dj(Wj+Sj): 
Sum of Dj(Wj+Sj)/10:

l.OOE-02
l.OOE-03

Potential Contamination Sensitive Environment Factor: l.OOE-03
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Likelihood of Exposure 

No. Source ID Level of Contamination

1 Mustard Dump Yard Level I

Likelihood of Exposure Factor: 550

Documentation for Area of Contamination, Source Mustard Dump Yard:

Approximately four acres of the Mustard Burn Pits are covered with 
conteuninated soil. The majority of the soil is burned residue from 
various types of disposal operations. Contcuninated soil ranged from 
0 to 2 feet below the burned fill (Ref. 13, p. 3-6).

4 acres x 43,560 sg. ft./acre = 174,240 sq. ft.

Reference: 13

Source Hazardous Substance 
No.

Depth Concent. Cancer 
(ft.)

RFD Units

1 Arsenic < 2 4.0E+01 3.3E-01 1.7E+02 ppm
1 Barium < 2 l.OE+04 O.OE+00 4.1E+04 ppm
1 Chromium < 2 2.8E+02 O.OE+00 2.9E+03 ppm
1 Lead < 2 1.lE+03 O.OE+00 0.OE+00 ppm

Documentation for Source Mustard Dump Yard, Contaminants:

Contaminants detected at the Mustard Dump source include arsenic at 
40 ppm, barium at 10,000 ppm, chromixim at 280 ppm, lead at ilOO ppm, 
and mustard byproducts (Ref. 5, p. 35). Although this reference 
does not indicate at what depth these contzuninants were found, it 
will be assximed that they were are at depths less than 2 feet.

Reference: 5
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Source: 1 Mustard Dump Yard

Source Hazardous Waste Quantity Value: 32.03

Hazardous
Substance

Toxicity
Value

Arsenic
Barium
Chromium
Lead

10000
10

10000
10000
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Toxicity Factor:

Sum of Source Hazardous Waste Quantity Values: 

Hazardous Waste Quantity Factor:

Waste Characteristics Factor Category:

1.OOE+04 

3.20E+01 

10 

18
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Targets

Level I Population: 0.0 Value: 0.00

Documentation for Level I Population:

There are no docximented Level I concentrations. 

Reference: 1

Level II Population: 0.0 Value: 0.00

Documentation for Level II Population:

There are no documented Level II concentrations. 

Reference: 1

Workers: 972.0 Value: 10.00

Documentation for Workers:

The current nximber of employees at the Pine Bluff Arsenal is not 
known; however at the time of the Installation Assessment of PBA in 
1977, PBA employed 972 civilian and military personnel (Ref. 4, p. 
1-5).

Reference: 1, 4

Resident Individual: Potentia Value: 0.00



PRESCOre 2.0 - PRESCORE.TCL Pile 05/11/93 PAGE:
SOIL EXPOSURE PATHWAY RESIDENT POPULATION THREAT TARGETS 

US Army Pine Bluff Arsenal - io/lS/93

Resources: NO Value: 0.00

Documentation for Resources:

There is no evidence that there is commercial agriculture, 
silviculture, livestock production or grazing at the PBA.

Reference: 1, 4

Terrestial Sensitive Environment Value

- N/A and/or data not specified

Terrestrial Sensitive Environments Factor: 0.00
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Likelihood of Exposure

No. Source ID
Level of 
Contamination

Attractiveness/
Accessibility

Area of Contam. 
(sq. feet)

1 Mustard Dump Yard Level I 174240

Highest Attractiveness/Accessibility Value: 10
Sum of Eligible Areas Of Contamination (sq. feet): 174240
Area of Contamination Value: 40

Likelihood of Exposure Factor Category:

Documentation for Attractiveness/Accessibility, Source Mustard Dump Yard:

There is no evidence of public recreation at PBA. The current 
security conditions and fencing around PBA are not known; it will be 
assumed that it is physically accessible to the public via the 
Arkansas River. The Mustard Burn Yard is evaluated as accessible, 
with no public recreation and receives a value of 10.

Reference: 1, 4

Source Hazardous Substance 
No.

Depth Concent. Cancer 
(ft.)

RFD Units

1 Arsenic < 2 4.0E+01 3.3E-01 1.7E+02 ppm
1 Barium < 2 1.OE+04 O.OE+00 4.lE+04 ppm
1 Chromium < 2 2.8E+02 0.OE+00 2.9E+03 ppm
1 Lead < 2 1.lE+03 O.OE+00 O.OE+00 ppm

Documentation for Source Mustard Dump Yard, Contaminants:

Contaminants detected at the Mustard Dvunp source include arsenic at 
40 ppm, barium at 10,000 ppm, chromium at 280 ppm, lead at 1100 ppm, 
and mustard byproducts (Ref. 5, p. 35). Although this reference 
does not indicate at what depth these conteuainants were found, it 
will be assiuaed that they were are at depths less than 2 feet.

Reference: 5
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Source: 1 Mustard Dump Yard

Source Hazardous Waste Quantity Value: 32.03

Hazardous
Substance

Toxicity
Value

Arsenic
Barium
Chromium
Lead

10000
10

10000
10000
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Toxicity Factor:

Sum of Source Hazardous Waste Quantity Values; 

Hazardous Waste Quantity Factor;

Waste Characteristics Factor Category:

l.OOE+04

3.20E+01

10

18
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Nearby Individual

Population within 1/4 mile: 0.0

Nearby Individual Value; 0.0

Population Within 1 Mile

Travel Distance Category Number of People Value

> 0 to 1/4 mile
> 1/4 to 1/2 mile
> 1/2 to 1 mile

0.0
0.0
0.0

0.0
0.0
0.0

Population Within 1 Mile Factor; 0.0

Documentation for Population > 0 to 1/4 mile Distance Category:

There is no documented population within the 0 to 1/4-mile radius of 
the Mustard Burn Pits.

Reference: 11, 15

Documentation for Population > 1/4 to 1/2 mile Distance Category:

There is no documented population within the 1/4 to 1/2 mile-radius 
from the Mustard Burn Pits.

Reference: 11, 15
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Documentation for Population > 1/2 to 1 mile Distance Category:

There is no documented population within the 1/2 to l-mile radius 
from the Mustard Burn Pits.

Reference: ll, 15
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OBSERVED RELEASE

No. Sample ID
Distance

(miles) Level of Contamination

- N/A and/or data not specified

Observed Release Factor:

Documentation for Sample :

There is no documentation of air samples collected documenting an 
air release from the Mustard Burn Pits.

Reference: 4, 13
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Gas Migration Potential

PAGE:

GAS POTENTIAL TO RELEASE

Source ID
Source
Type

Gas Gas
Gas Source Migrtn. 
Contain.Type Potent. 
Value Value Value Sum

Gas
Potential 
to Rel. 
Value

(B+C) A(B+C)
- N/A and/or data not specified

Gas Potential to Release Factor:

Documentation for Gas Containment, Source Mustard Dump Yard:

This source has a contaminated cover and is not heavily vegetated 
(Ref. 6, p. 54). A source with an uncontaminated soil cover less 
than 1 foot and is not heavily vegetated receives a gas containment 
factor value of 10 (Ref. 1, Table 6-3).

Reference: 1, 6

Documentation for Source Type, Source Mustard Dump Yard:

The Old Mustard Dump Yard was used primarily as a burn and disposal 
area for mustard munitions. The source encompassed approximately 25 
acres. There are mounds and trenches scattered across the site as a 
result of disposal operations (Ref. 5, p. 34). Four parallel 
trenches on the southern end of the site contained rusted munitions/ 
residue from burning operations and 55-gallon drums. A larger 
munition pile was west of the 4 trenches. Pits on the northern end 
of the site contained the remains of tubes which held igniter mix 
for the munitions. A burn area in the center of the site covers 
approximately 60,000 square feet. A smaller burn area in the 
northern portion of the site covers about 10,000 square feet (Ref.
5, pp. 34-35).

Reference: 5



PREscore 2.0 - PRESCORE.TCL File 05/11/93 PAGE;
AIR PATHWAY LIKELIHOOD OP RELEASE 

US Army Pine Bluff Arsenal - io/lS/93

Documentation for Secondary Source Type, Mustard Dump Yard:

Documentation has indicated that this source had two burn areas 
(Ref. 5, p. 34).

Reference: 5
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Source: Mustard Dump Yard 

Gaseous Hazardous Substance
Hazardous Substance Gas 
Migration Potential Value

Average of Gas Migration Potential Value for 3 Hazardous Substances: 0.000

Gas Migration Potential Value From Table 6-7: o
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Particulate Migration Potential

PAGE;

PARTICULATE POTENTIAL TO RELEASE

Source ID
Source
Type

Partic.Partic. 
Partic. Source Migrtn. 
Contain.Type Potent. 
Value Value Value

(A) (B) (C)
Sum

Partic. 
Potential 
to Rel. 
Value

(B+C) A(B+C)
Mustard Dump Yard Landfill 280

Particulate Potential to Release Factor; 280

Documentation for Particulate Containment, Source Mustard Dump Yard:

This source has a contauninated soil cover and is not heavily 
vegetated (Ref. 6, p. 54). A source with an unconteuninated soil 
cover less than 1 foot and is not heavily vegetated receives a 
containment factor value of 10 (Ref. 1, Table 6-9).

Reference: 1, 6

Documentation for Source Type, Source Mustard Dump Yard:

The Old Mustard Dump Yard was used primarily as a burn and disposal 
area for mustard munitions. The source encompassed approximately 25 
acres. There are mounds and trenches scattered across the site as a 
result of disposal operations (Ref. 5, p. 34). Four parallel 
trenches on the southern end of the site contained rusted munitions, 
residue from burning operations and 55-gallon drums. A larger 
munition pile was west of the 4 trenches. Pits on the northern end 
of the site contained the remains of tubes which held igniter mix 
for the munitions. A burn area in the center of the site covers 
approximately 60,000 square feet. A smaller burn area in the 
northern portion of the site covers about 10,000 square feet (Ref.
5, pp. 34-35).

Reference: 5
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Documentation for Secondary Source Type, Mustard Dump Yard:

Documentation has indicated that this source had two burn areas 
(Ref. 5, p. 34).

Reference: 5

Documentation for Particulate Migration Potential:

According to Figure 6-2 of the HRS Manual, the site receives a 
particulate migration potential factor value of 6.

Reference: l
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PAGE:

Source: Mustard Dump Yard 

Particulate Hazardous Substance

Arsenic
Barium
Chromium
Lead
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PAGE;

Source: 1 Mustard Dump Yard

Source Hazardous Waste Quantity Value: 4.80

Hazardous Substance Toxicity
Value

Gas
Mobility
Value

Particulate
Mobility
Value

Toxicity/
Mobility
Value

Arsenic 10000 NA 2.00E-04 2.OOE+00
Barium 10 NA 2.00E-04 2.00E-03
Chromium 10000 NA 2.00E-04 2.00E+00
Lead 10000 NA 2.00E-04 2.00E+00
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Hazardous Substances Found in an Observed Release

PAGE:

Sample Observed Release 
ID Hazardous Substance

Particulate 
Toxicity/ 
Mobility Value

Gas
Toxicity/ 
Mobility Value

- N/A and/or data not specified

Documentation for Particulate Mobility;

According to Figure 6-3 in the HRS Manual, the site receives a 
particulate mobility factor value of .0002.

Reference: l
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PAGE:

Toxicity/Mobility Value from Source Hazardous Substances;

Toxicity/Mobility Value from Observed Release Hazardous 
Substances:

Toxicity/Mobility Factor:

Sum of Source Hazardous Waste Quantity Values:

Hazardous Waste Quantity Factor:

Waste Characteristics Factor Category:

2.OOE+00

0.OOE+00 

2.00E+00 

4.80E+00 

10 

2
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Actual Contamination

No. Sample ID
Distance

(miles) Level of Contamination

- N/A and/or data not specified

Potential Contamination

Distance Categories Subject 
to Potential Contamination Population Value

Onsite 972.0 52.2000
> 0 to 1/4 mile 0.0 0.0000
> 1/4 to 1/2 mile 0.0 0.0000
> 1/2 to 1 mile 0.0 0.0000
> 1 to 2 miles 0.0 0.0000
> 2 to 3 miles 545.0 0.1000
> 3 to 4 miles 543.0 0.0700

Potential Contaminantion Factor: 52.0000

Documentation for Population Onsite Distance Category:

There were 972 workers at PBA in 1977 (Ref. 4, p. 1-5).

Reference: 4

Documentation for Population > 0 to 1/4 mile Distance Category:

There is no docvunented population within the 0 to 1/4 mile 
radius.

Reference: 11, 15
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Documentation for Population > 1/4 to 1/2 mile Distance Category;

There is no documented population within the 1/4 to 1/2 mile radius

Reference: 11, 15

Documentation for Population > 1/2 to 1 mile Distance Category:

There is no documented popualation within the 1/2 to l mile radius.

Reference: ll, 15

Documentation for Population > 1 to 2 miles Distance Category:

There is no documented population within the l to 2 mile radius.

Reference: 11, 15

Documentation for Population > 2 to 3 miles Distance Category:

According to the TGEMS, there are 545 persons within the 2 to 3 mile 
radius.

Reference: 15
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Documentation for Population > 3 to 4 miles Distance Category:

According to TGEMS, there are 543 persons within the 3 to 4 mile 
radius.

Reference: 15
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Nearest Individual Factor

Level of Contamination: Potential 
Distance in miles: 0 to 1/8

Nearest Individual Value: 20

Documentation for Nearest Individual:

The nearest regularly occupied building is located approximately 
1,200 feet or .23 miles to the northwest of the Mustard Burn Pits.

Reference: ll

Resources

Resource Use: YES 

Resource Value: 5

Documentation for Resources:

The Arkansas River, which is a designated recreation area (fishing 
and boating), is adjacent to the Mustard Burn Pits.

Reference: 11, 14
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Actual Contamination, Sensitive Environments

Sensitive Environment
Distance

(miles)

Sensitive
Environment
Value

- N/A and/or data not specified

Actual Contamination, Wetlands

Distance
Category

Wetland
Acreage

Wetland 
Acreage Value

- N/A and/or data not specified

Sensitive Environments Actual Contamination Factor: 0.000
(Sum of Sensitive Environments + Wetlands Values)
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PAGE:

Potential Contamination, Sensitive Environments

Sensitive

Sensitive Environment
Distance

(miles)
Environment
Value

Distance
Weight

Weighted
Value/10

Mississippi Wolf 0.000 75 1.0000 7.500
Peregrine Falcon 0.000 75 1.0000 7.500
Red-cockaded Woodpe 0.000 75 1.0000 7.500

Sum of Sensitive Environments Weighted Values/10: 22.500

Potential Contamination, Wetlands

Distance
Category

Wetland Wetland Distance Weighted
Acreage Acreage Value Weight Value/10

> 1/4 to 1/2 mile 30.0 25.0 0.0540 0.135

Total Wetland Acreage; 30.0

Sum of Wetland Weighted Acreage Values/10: 0.135

Sensitive Environment Potential Contamination Factor: 23.000

Documentation for Sensitive Environment Mississippi Wolf:

There have been previous reports, but no capture records of the 
Mississippi Valley Red Wolf (Canis rufus gregori), which is a 
Federal endangered species (Ref. 4, p. 1-17). A terrestrial habitat 
known to be used by a Federal designated species receives a rating 
value of 75 (Ref. 1, Table 5-5).

Reference: l, 4
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Documentation for Sensitive Environment Peregrine Falcon:

The Peregrine Falcon (Falco peregrinus) have been reported at PBA. 
The falcons were located in the wetlands of PBA (Ref. 4, p. 1-17).

Reference: 1, 4

Documentation for Sensitive Environment Red-cockaded Woodpe:

The Red-cockaded Woodpecker (Dendrocopus borealis) has been reported 
at PBA. A ten acre tract of pines was set aside around the 
nest-site trees (Ref. 4, 1-17). The exact location of this tract is 
not known.

Reference: l, 4

Documentation for Sensitive Environment Wetlands:

There are an estimated 30 acres of wetlands within 1/4 to 1/2 mile 
of the Mustard Burn Pits.

Reference: 11
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FOREWORD

This Installation Assessment Report was prepared in August 1977 to 
document potential and actual contamination problems at Pine Bluff Arsenal 
so that these problems could be addressed in the Army's Installation Res
toration program. A brief discussion of the positive steps which have 
been implemented to further identify and eliminate problem areas is con
tained in Appendix U.

I vei J



EXECUTIVE SUMMARY
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I. ENERAL
A. During May 1977, a records search was conducted on Pine Bluff 

Arsenal (PBA) to confirm previously known areas of contamination and to 
determine if other undocumented contaminated areas exist,

B. The on-site phase of the search was performed from 23 through 
27 May 1977; however, data were collected from other agency sources 
beginning 18 April through 5 August 1977. In addition to the on-site 
search, Team members also contacted personnel at Aberdeen Proving Ground 
who were familiar with past operations at Pine Bluff Arsenal.

C. The procedure followed by the Records Research Team included:
1. Acquiring all pertinent documents on PBA from other government 

agencies including:
a. Department of Defense Explosive Safety Board (DDESB).
b. US Army Environmental Hygiene Agency (AEHA).
c. US Geological Survey (USGS).
d. Defense Documentation Center (DDC).
e. US Army Engineer Waterways Experiment Station (WES).
f. National Technical Information Service (NTIS).

2. Obtaining copies of all on-site installation regulations, 
standing operating procedures, and other available documentation.

3. Interrogating former and present key employees.

4. Analysis of above pertinent data.
D. This report reflects the status of Pine Bluff Arsenal as of 

5 August 1977.*

*Appendix T contains information received from PBA on 23 December 1977 
which up dated the mission, organization chart, and manpower distribution 
at the Arsenal. It also includes information on installation activities 
addressing environmental pollution and contamination control.
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II. FINDINGS
A. Pine Bluff Arsenal is contaminated with hazardous wastes resulting 

from various operations conducted at the Arsenal from 1942 to the present 
both by government agencies and by industrial concerns that leased portions 
of the facility. Potential contaminants identified from the search of 
records are DDT, arsenic, white phosphorus, barium, zinc, mustard, BZ, riot 
control agents, pyrotechnic materials, and industrial wastes with their 
associated waste products.

B. Sterilized biological waste was disced into the soil in a field 
on the property deeded to the National Center for Toxicological Research 
(NCTR). The buildings presently used by NCTR were formerly the facilities 
of the Directorate of Biological Operations (DBO) at PBA.

C. Many test areas at PBA may contain unexploded ordnance (UXO). The 
UXO potentially consists of high explosive rounds, mustard rounds, pyro
technic munitions (WP, HC, smoke, colored signals), and riot control 
devices (CS and CN).

D. Radiological materials were not developed, manufactured, stored, 
tested, or disposed of at the installation.

E. Lethal chemical agents (mustard and lewisite) were manufactured at 
PBA and mustard agent is presently stored at the Toxic Storage Yard (TSY). 
Other items in storage at the TSY include War Gas Identification Sets, riot 
control agents, decontaminants and FS. GB and VX are stored in igloos in 
the ammunition storage area. BZ is stored in three igloos in the ammunition 
storage area.

F. Groundwater and the subsurface soil is contaminated in many areas of 
the installation. Thirty-two sites within the boundary were evaluated by 
sampling and analyzing for DDT, sodium, barium, arsenic, mercury, lead, zinc, 
mustard, lewisite, CS, CN, DM, dyes, hexachloroethane, and white phosphorus. 
Twenty-nine of the sites had at least two or more contaminants at concen
trations in excess of critical threshold values established by a team of 
scientists at the Chemical Systems Laboratory.

III. CONCLUSION
Current known areas of contamination were substantiated and additional 

suspected areas were located and documented.
IV. RECOMMENDATION

The preliminary surveys presently being conducted at PBA should continue 
because there is a strong potential for contaminant migration.
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I. GENERAL
A. Purpose of the Assessment

.. ,

V- 1

1. To confirm previously known areas of contamination and to 
determine from a search of available records if other undocumented contam
inated areas exist at Pine Bluff Arsenal (PBA). This information, as 
applicable, will be incorporated into the ongoing PBA survey.

2. To identify any immediate on-post safety problems.
B. Authority
Department of the Army (DA) Charter for the Project Manager for 

Chemical Demilitarization and Installation Restoration (PM CDIR) dated 
29 April 1977.

C. Introduction
1. In response to a request from the Office of the Project Manager 

for Chemical DSIhilitarization and Installation Restoration, the Records 
Research Team initiated a search of PBA records.

2. Personnel from PBA were briefed on the program prior to the 
start of the on-site records search. This briefing outlined the scope of 
the assessment and provided guidelines to installation personnel. Mr. Glen 
Murtha was designated the point of contact for the Team.

3. Prior to the review of on-site records, various Government 
agencies were contacted during the period of 18 April through 20 May 1977 
for documents pertinent to the records research effort. These agencies 
were:

a. Department of Defense Explosive Safety Board (DDESB).
b. US Army Environmental Hygiene Agency (AEHA).
c. US Geological Survey (USGS).
d. Defense Documentation Center (DDC).
e. US Am\y Engineer Waterways Experiment Station (WES).
f. National Technical Information Service (NTIS).

4. The following personnel were assigned to the Team and provided 
input to this report:
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a. Mr. William Collins (Team Leader/Chemical Engineer).
b. Mr. Norman Leibel (Ordnance Specialist).
c. Mr. Harry Woods (Hydrogeologist).
d. Mr. John Bane (Chemist).
e. Mr. Reed Magness (Chemist).
f. LT Charles Brenner (Chemical Engineer).
g. Mr. James Scott (PM CDIR Representative/Chemist).

5. In addition to the review of records, interviews were conducted 
with more than 25 persons, including present and former employees (see 
Appendix A). A ground tour of the installation was also made. Photographs 
taken during the tour are included in Appendix B. Team members also 
contacted and interviewed personnel at Aberdeen Proving Ground who either 
were former employees at PBA or were knowledgeable of certain operations 
conducted there.

6. The handings, conclusion, and recommendations are based on the 
records made available to the Team at the time of the search, and the Team 
cannot vouch for the accuracy of the records. Where conspicuous discrep
ancies existed within the data, attempts were made to determine the correct 
information by interviewing the personnel (if available) involved in 
preparing the original data.

D. Summary Description of Installation
1. Location and Size
PBA is located in the central portion of Jefferson County, Arkansas. 

It lies approximately eight miles northeast of Pine Bluff and 30 miles 
southeast of Little Rock. PBA lies on the west side of the Arkansas River 
and is 120 miles upstream from its junction with the Mississippi River.
The Arsenal is approximately 400 miles from the Gulf of Mexico and over 800 
miles from the Atlantic Ocean.

PBA presently contains 14,454 acres of land including 67 acres of 
perpetual easements acquired for railroad and natural gas distribution 
line right of ways between the Arsenal and the city of Pine Bluff, and 100 
acres leased to the city of Pine Bluff for construction of a secondary 
sewage treatment facility (oxidation pond) for domestic sewage. In 
addition, this review includes approximately 500 acres known as the old 
Biological Plant now deeded to and under the control of the Food and Drug 
Administration and operated as the National Center for Toxicological 
Research (NCTR) (see Figure I-l).

1-2



t FORT SMITH

UTTLE ROCK

FINE KUFF ARSENAL

STATE MAF

iM

COUNTYJEFFERSON

BLUFF

OEXTER<

WHITEHALL
HARDIN

LAKE

BLUFF

PINE
BLUFF

QRIOER
FIELD

LAKEMUNICIPAL
SULPHUR
SPRINGS

LOCATION MAP 
0

SCALE OF MILES

FIGURE 1-1. SITE MAP FOR PINE BLUFF ARSENAL, PINE BLUFF, ARKANSAS
1-3



2. Area Description
Jefferson County was founded in 1829 and is located in the central 

portion of the state. It is the second most populated county in the state 
with a population of approximately 90,000. The Arkansas River flows 
diagonally through the county in a southeasterly manner and borders both 
Pine Bluff and PBA. Pine Bluff is the county seat of Jefferson County, 
with a population of over 58,000 residents. Little Rock, the capital of 
Arkansas, is located 30 miles northwest of the Arsenal and has a population 
of over 135,000. Approximately 3,000 residents live within a one mile 
radius of the installation. This figure includes over 1,900 residents in 
the town of Whitehall adjoining the south-eastern boundary of the Arsenal.

The nearest counties are: Pulaski to the north with a population of
over 287,000; Grant to the west with a population of over 9,700; Arkansas 
to the east with a population of over 23,300; and Cleveland and Lincoln to 
the south with populations of over 6,600 and 12,900 respectively.

PBA is bordered on the north by privately owned timber and farmland 
while the southern boundary is adjacent to industrial properties of which 
the Weyerhauser Company is the largest owner. The western boundary is 
adjacent to the Missouri Pacific Railway and the eastern boundary is 
contiguous to the Arkansas River. The land on the southern half of the 
Arsenal is flat while the northern half is slightly rolling. PBA is 
served by US Highway 65 on the west which connects Pine Bluff with Little 
Rock, and State Highway 79 which serves the Arsenal from the southeast by 
means of a two mile county road. Several major airlines serve the general 
area from Adams Field in Little Rock.

The land on the eastern side of the Arkansas River is relatively flat, 
well adapted to farming and growing hardwood timber. Numerous drainage 
canals and reservoirs have been built to provide water for irrigation, 
recreation, and fish farming. The terrain to the west of the river is flat 
to rolling and is predominately adapted to growing timber. There are 
numerous industrial plants in the area, all of which are on the west side 
of the Arkansas River. Industry is expected to increase in the area since 
the Arkansas River is now navigable from Tulsa, Oklahoma, to the Mississippi 
River, due to the recently completed Arkansas River Development Program.

The climate in the PBA area is considered to be mild with a mean annual 
temperature of 62.2°F. The average growing season is 244 days with the 
last killing frost expected on or about 25 March and the first killing 
frost expected on or about 14 November. The average rainfall for the 
Arsenal area is about 50 inches per year.

3. Organization and Mission 

a. The mission of PBA is:
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(1) The production, manufacture, receipt, storage, 
shipment, surveillance, testing, maintenance, and demilitarization of 
chemical munitions to include chemicals, smokes, riot control, incapaci
tating, incendiary, and pyrotechnic mixes, for military application and to 
supplement commercial industrial capacity.

(2) The support of research, development, and engineering 
requirements of other US Army hfeteriel Development and Readiness Command 
(DARCOM) programs,

(3) The development of plans for supporting mobilization 
requirements and schedules prepared by DARCOM relevant to the Industrial 
Readiness Assurance Program for US Army Armament Materiel Readiness 
Coinnand (ARRCOM) items.

(4) The procurement of raw materials for accomplishment of 
mission responsibilities.

(5) The administrative and logistical support for attached 
and/or tenant activities.

'(6) The maintenance of facilities and equipment in a 
readiness condition,

b. PBA is a Class II DARCOM installation assigned to the 
conmand jurisdiction of the commander, ARRCOM. The Arsenal's personnel 
strength is currently 972 employees (13 officers, 47 enlisted men, and 
912 civilians). See Organization Chart, Figure 1-2, and Manpower Distri
bution Chart, Figure 1-3, for details.

The number of personnel at PBA has fluctuated over the years, from a 
high of over 9,000 civilian and 450 military to a low of 700 civilians and 
125 military during the period between World War II and the Korean Conflict, 
The Vietnam Conflict increased personnel strength to a high of 140 military 
and 1,850 civilians in June 1968. Strength has gradually decreased from 
that date to the present strength of 972 total (60 military and 912 
civilians, See Appendix T).

4. History

The Arsenal was established by the War Department on 10 November 
1941 and originally designated the Chemical Warfare Arsenal, Pine Bluff, 
Arkansas. Headquarters was established in the National Building in Pine 
Bluff, Arkansas. Construction of the Arsenal began on 2 December 1941. 
Construction included facilities for manufacture, loading, and assembly of 
incendiary and chemical munitions, storage magazines, laboratories, and 
other associated administrative and logistical support facilities. The 
initial cost of the installation was approximately 60 million dollars 
including $250,000 for the land.
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The Arsenal was redesignated as Pine Bluff Arsenal on 5 March 1942.
The headquarters was moved from the city of Pine Bluff to Pine Bluff 
Arsenal on 1 April 1942.

Initial production at PBA began on 31 July 1942 with the production of 
the AN M14 incendiary grenade. The operations expanded rapidly through 
World War II years to include 24 different end items. The work performed 
included the production of bulk chemical agents and the filling of various 
chemical bombs (incendiary, smoke and other chemical munitions). Activities 
at the Arsenal during 1945 and the early 1950's were principally maintenance 
and renovation of chemical supplies and equipment, industrial mobilization 
planning, and demilitarization.

The Korean Conflict created an expansion of operations at PBA. A total 
of 38 different end items were produced during the Conflict including 
various grenades, smoke pots, canisters, white phosphorous, and FS shells.

In 1953 the facilities for biological warfare operations were completed 
at PBA and designated as the Production Development Laboratories. In 1957 
the laboratories were made an integral part of the Arsenal and established 
as a mission element under the designation Directorate of Biological 
Operations (DBO).

During the 1950's excess facilities were leased in Area 5, Sections 3 
and 4 to Diamond Alkali and Niagara Chemical Companies. The Diamond Alkali 
produced chlorine for use by Niagara which produced DDT and chlorobenzene 
in large quantities. Malathion and parathion were received at the Niagara 
site and blended into formulations.

Facilities for the production of CS munitions were added at PBA in 1961 
and in 1962 the BZ munitions facility was completed. Additional facilities 
were added to the Biological Operations area in 1964 at a cost of over 
$25,000,000.

The Presidential Executive Order of 25 November 1969 announced the 
discontinuance of the US biological warfare (BW) effort and the production 
of BW munitions. The President also directed that all existing stocks of 
biological components and munitions be demilitarized and destroyed. The 
demilitarization of all inventories of antipersonnel biological agents and 
munitions was completed at Pine Bluff Arsenal in January 1972. These 
facilities were then declared excess and the real property was transferred 
to the Food and Drug Administration (FDA) on 1 May 1972. FDA presently 
operates them as the National Center for Toxicological Research (NCTR).

E. Environmental 
1. Water Quality

1-8
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a. Surface Water. PBA is located in the Arkansas River Basin. 
All of the surface drainage and wastewaters generally flow in a south
easterly direction into the Arkansas River (see Figure 1-4). There are six 
major creeks and several small ones on the Arsenal. They are Eastwood 
Bayou, Triplett Creek, Tulley Creek, Hospital Creek, White Creek*, 
Production Area Creek, Warbritton Creek, and Caney Bayou.

Eastwood Bayou drains the northern area of the post including the old 
biological agent storage area and the NCTR. It empties directly into the 
Arkansas River. Triplett Creek (also called Phillips Creek) drains the 
largest area on post. It drains the Toxic Storage Yard, the chemical 
manufacturing area, and part of the storage depot before emptying into the 
Arkansas River. Tulley Creek and Tulley Lake drain part of the old 
chemical manufacturing area, the old chlorine plant site, and most of the 
storage depot. Normally, Tulley Creek empties into Yellow Lake, but during 
flooding it empties directly into the Arkansas River. Hospital Creek 
empties into Yellow Lake after draining the barrack, administration, and 
hospital area. White Creek drains the shop and white phosphorus 
production areas before emptying into Yellow Lake. Production Area Creek 
and Warbritton Creek drain the production area and bomb storage area. They 
both empty into the Arkansas River through the old river bed. Caney Bayou 
parallels the western boundary of PBA. Areas along this boundary and 
southern end of the Arsenal are drained by it and eventually empties into 
the Arkansas River after flowing through several small towns and Lake Pine 
Bluff. See Table I-l below.

TABLE I-l. SIZE OF THE VARIOUS DRAINAGE SYSTEMS 
LOCATED ON PINE BLUFF ARSENAL

Drainage Area Number of Acres

Eastwood Bayou 2,486
Triplett Creek 3,562
Tulley Creek 2,193
Hospital Creek 1,055
White Creek 760
Production Area Creek 1,030
Caney Bayou 1,757
Arkansas River 673
Old River Bottom 631
Yellow Lake 411
Warbritton Creek 518
Ponds 379

*Various references relate to the creeks name as: 
Phosphorus Creek.

White Creek and White
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Yellow Lake is located in the southeastern part of the post. Yellow 
Lake was formed as the result of an old meander of the Arkansas River being 
cut off during flooding sometime after 1936. Presently Yellow Lake is 
about 200 acres surrounded by trees and swampland. It receives backwaters 
from the Arkansas River during its high water stages. A list of the other 
small ponds and their acreage is included in Table 1-2.

TABLE 1-2. LIST OF SMALL PONDS

Name
Yellow Lake 
Tulley Lake 
Duck Reservoir (2)
Clear Pond 
Dilly Pond 
Gibson PondBig Transportation Pond
Big Area 3 Pond
Grassy Pond
Arkla Pond
Bomb Storage Pond
Little Transportation Pond
Horseshoe Pond
Dexter Pond
Bunker Pond
King Pond
Thompson Pond

Surface
Acreage

200
35
10

2
3 
2 
2
4 
3 
2 
1 
1 
1 
1 
1 
1 
1

each, 20 acres total

Twelve deep wells supply all water used at PBA. There are three 
separate distribution systems known as the Chemical Area system, the 
South (IBF) Area system, and the NCTR Area system. The Chemical Area 
system is an industrial water distribution system with no treatment.
The other two are potable systems incorporating water treatment plants. 
The two treatment plants are shown in Figure 1-5.

Water is supplied to the NCTR Area system from Well Numbers. 14. 15. 16j 17. Tnd l6. Location of these wells is shown in Figure 1-5.Three types ” 
oT'waterare produced by this treatment plant. After general treatment, 
the water is pumped to an industrial water (general distribution) storage 
tank. This water is used for firefighting and other industrial purposes. 
Water from the storage tank is chlorinated before being Dumped to potable 
di'stfibutinn syntfims fnr '~>^n»iiinr''‘ion. Water from the storage tank is also 
diverted through one of two demineralization processes prior to its distri
bution to the NCTR restricted area for research applications. The average 
production was 51,000 gallons per day from January to July 1972.
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The_jBF water treatment system draws water from Wells 1. 2. and 3.. 
Product!^averaged 75,00d gallons per day for the same six-month oeHod in 
J972. This system pruduceb potable water for the post's administrative and 
production facilities after being subjected to the following processes: 
aeration over a coke tray, lime/alum chemical feed, sedimentation, anthra- 
filt pressure filtration, and chlorination.

The Chemical Area system supplied non-potable water for industrial 
purposes to the old Arkansas Louisiana Chemical Corporation (ARKLA Plant); 
it still serves the TSY and provides fire protection water for the Area 5 
storage area. Water obtained from Wells 6, 9, 11 and 12 is pumped directly 
into the system without treatment and stored in three elevated 200,000 
gallon steel tanks. Potable water is provided in thp_ rhumiral Area by a 
linp from thp TRF water treatment system. See Appendix C.

b. Subsurface Water. There are two significant aquifers in 
the PBA area: a shallow water table aquifer; and a confined aquifer tapped
for water supply for PBA, industry, and the city of Pine Bluff. The 
shallow water table aquifer is formed by quaternary surface deposits. The 
water table is at 190 to 195 feet mean sea level (msl) elevation with an 
average depth to water of 45 feet. The flow of water in the water table 
aquifer is controlled by the permeability of the formation, elevation and 
stage of the Arkansas River, and location and amount of local recharge. 
Direction of flow is generally pa«;t.warH *-r> fhn ai>.j^^ncac an esti-
jnated mean velocity of about 25 feet per year. This estimate could vary' 
from Slightly less to twice as much as the estimated value. There is some 
indication of a groundwater "ridge" in the southern portion of the manu
facturing area. The high runs northeast to southwest. Groundwater flow 
off the southern flank of the high would be to the southeast towards an 
off-post area occupied by private owners. The recharge mode has not been 
identified. It would be from either wide-area infiltration through the 
soil or from stream channel influent seepage. Probably the bulk of the 
recharge is along stream channels with smaller amounts from surface infil
tration. The water table aquifer is in hydraulic connection with the 
Arkansas River and ordinarily is effluent to it.During flooding there may be seepage from the river to the aquifer, but^the river water would not 
penetrate more than 20 to 30 feet into the aquifer, A groundwater moni
toring program was initiated in 1967. Table 1-3 contains a description of 
the wells and the water levels in 1973 and 1976. Chemical analysis of the 
water is contained in Table 1-4. The boring logs for these wells are 
presented in Appendix 0. Logs for the deep water wells were also obtained 
and are included in Appendix 0 (see Figure 1-6),

The confined aquifer known as the Sparta Sand is tapped by Arsenal 
wells at a depth of 800 to 1,000 feet. In the PBA area the Sparta Sand is 
not believed to be in hydraulic connection with surface water or shallow 
groundwater.
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TABLE 1-3. WATER LEVEL READINGS IN MONITORING WELLS

Well Numbers 
New Old Location

Depth Below Ground to 
Water Surface (Feet) 

1972 1976
14-02-00 5 McCoy Road 48 42
14-02-01 6 North of Hoadley Road 51.5 47

31-02-00 13 Avenue 311A at 317th St. 38.8 32

31-02-01 14 Avenue 314B at 314th St. 40 34
31-02-02 15 Avenue 31 IB at 310th St. 38.5 32
32-02-00 11 Avenue 321A at 328th St. 41.7 35

32-02-01 12 328th St. near Bldg 32-690 41.7 36
33-02-00 9 338th St. near Avenue 331A 43.2 36

33-02-01 10 332B Avenue near Bldg 33-670 43.2 35

33-02-02+ 16 Sibert Road 46.8 40

34-02-00 7 Off Stokes Road near Avenue 34B 46 40

42-02-00 8 On Stokes Road 43 36
54-02-00* 3 Between Bldg 53-110 and 53-220 185.5 183

56-02-00 4 Webster Road 50 42

74-02-00+ 17 Near McCoy Road 50.5 42

+Existing wells rehabilitated.
*Drilled to 685 feet to reach water. This was done by PBA in an attempt 
to prove the absence of useful groundwater for monitoring in the old 
ARKLA area.
NOTE: Wells 1 and 2 were drilled to 135 and 100 feet respectively with
out evidence of water. They were abandoned as dry holes.
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TABLE 1-4. VALUES FOR GROUNDWATER MONITORING SYSTEM 
JANUARY 1971 TO MARCH 1972

Constituents - mg/1

Hell No.

I

cn

New
No.

Old
No. pH

Suspended
Residue

Total
Residue

Filterahle
Residue Chloride Sulfate Nitrate 2inc

Total
Phosphate

Filtered
Phosphate coo

14-02V00 5 RdTiqe 6.2-7.0 0-12 15-314 14-306 9-98 3-239 0-14 .0-1.1 O-.Ol 0-0 16-64
Ave. 4 190 186 70 52 3 .57 0 0 26

14-02-01 6 Range 6.5-7.2 0-4 58-274 54-272 7-69 2-300 0-13 .03-2.0 O-.Ol 0-0 9-352
Ave. 6.9, 2 188 174 46 51 2 .59 0 0 71

31-02^0 13 Range 5.9-6.8 0-9 57-406 57-404 3-166 4-140 0-14 .54-.97 0-0 0-0 4-116
Ave. 6.2 4 131 127 39 36 3 .72 0 0 35

31-02-01 14 Range 5.7-6.7 0-12 18-70 18-68 2-12 3-53 0-24 .61-1.1 0-0 0-0 0-104
Ave. 6.0 3 45 42 7 14 5 .89 0 0 30

31-02-02 15 Range 5.6-7.0 1-6 2-96 0-92 2-12 3-111 0-15 .66-1.3 0-0 0-0 0-72
' Ave. 6.0 3 55 52 7 24 6 .97 0 0 29

32-02-00 11 Range 5.7-6.7 0-9 82-256 76-250 5-94 0-49 0-6 .33-1.2 0-0 0-0 9-84
Ave. 6.0 4 165 161 60 10 2 .96 0 0 38

32-02-01 12 Range 5.9-6.8 2-16 32-106 26-100 2-15 3-82 0-7 .43-1.2 0-0 0-0 9-90
Ave. 6.3 7 67 59 9 18 2 .92 0 0 53

33-02-00 9 Range 5.7-6.8 2-8 48-158 46-154 4-65 3-95 0-3 .47-2.0 0-0 0-0 4-104
Ave. 6.0 4 103 103 35 16 1 1.3 0 0 36

33-02-01 10 Range 5.8-6.9 8-14 42-142 34-134 4-40 1-73 0-6 .33-1.3 0-0 0-0 0-152
Ave. 6.2 9 99 89 25 16 2 1.1 0 0 41

33-02-02 16 Range 6.4-6.8 2-12 100-212 93-210 5-S4 4-41 0-17 .50-.82 O-.Ol O-.Ol 0-104
Ave. 6.5 4 155 151 34 12 4 .65 .01 0 23

34-02-00 7 Range 6.3-7.4 0-13 60-144 56-140 2-22 2-70 0-11 .25-1.2 0- 01 0-0 9-116
Ave. 6.6 5 103 97 14 17 2 .92 0 0 42

42-02-00 8 Range 6.1-7.0 2-17 53-246 36-242 3-66 0-62 0-3 .35-3.2 n-0 0-0 0-64
Ave. 6.4 6 114 107 23 16 1 1.7 0 0 23

54-02-00 3 Range 6.2-7.0 2-14 34-456 30-454 1-11 4-25 0-7 .15-1.2 0-0 0-0 0-28Ave.‘ 6.5 6 125 119 6 13 1 .75 0 0 18

56-02-00 4 Range 6.1-6.4 2-18 142-798 136-792 17-173 2-335 0-13 .20-2.9 O-.Ol 0-0 9-38
Ave. 6.2 7 442 434 97 157 4 1.1 0 0 24

74-02-00 17 Range 6.0-6.8 1-10 29-690 28-686 12-166 3-658 0-24 .12-1.3 0-0 0-0 4-37
Ave. 6.2 4 326 322 99 173 6 .59 0 0 27
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2. Natural Resources

a. Fauna. Terrestrial ecological surveys of PBA made by the 
Ecology Branch, Environmental Technology Division of Chemical Systems Lab
oratory, have indicated that most of the biological communities are 
healthy and normal.

(1) Mammals. There are 35 species of martmals known to 
occur at PBA. The most common species are the white-tailed deer, cotton 
rat, white-footed mouse, and the fox squirrel. These and other manmals are 
listed in Appendixes E and F. There have been reports, but no capture 
records, of an endangered species — the Mississippi Valley red wolf 
(Canis rufus gregoriL

(2) Birds. One hundred fifty-six species of birds have 
been recorded on the Arsenal. Two species, bobwhite and turkey, are upland 
game birds. A species list of birds is included in Appendix E. Twou
endangered species, the peregrine falcon
co^ckaded wooapecker (uendrocopus borealis 

1ocateJ

Falco
have

iho PBA.

piniic) anH thp rprf-
reported. The falcons

___  ___ The woodpeckers were sighted in 1965.A leri dCI'^e tract o^ pines was set aside 'arOUnd the nest-site trees, but no 
sightlngS of the birds have been made bihCS 1966. ^

(3) Fishes. Appendix E includes the fishes known to be
on or near PBA. This is not a complete list as the creeks and streams have 
never been adequately surveyed.

(4) Reptiles and Amphibians. Fifty-nine amphibian and 
three reptile species have been recorded. They are listed in Appendix E.

(5) Invertebrates. A list of invertebrate taxa collected 
in streams on PBA is given in Appendix E.

flHi- natural resources program claims 14,000 of the 
15,000 acres in PBA. The remaining land is occupied by buildings, roads, 
railroads, parking and storage areas, walks, and pavements. Ten thousand 
acres are considered improved land, which includes 8,000 acres involved in 
timber stand improvement, 1,200 acres in erosion control programs, 600 
acres of cleared land, 300 acres under weed control, and 200 acres of 
planted trees.

PBA is located on the border of two major climax situations in Jefferson 
County. Initially, the land was mostly forest; however, most of the tinter 
had been cut prior to government acquisition in 1941. Presently 80% of the 
forested areas are in pine, resembling the pine-oak-hickory climax of the 
southwestern half of Jefferson County. In areas where all the trees have 
been removed, the main vegetation is bermuda grass, broomsedge, lespedeza, 
hop clover, dallisgrass, crabgrass, and needlegrass. Johnson grass is

(
H
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abundant in open areas in the bottoms and along the Arkansas River, 
of vegetation found at PBA is contained in Appendix E.

3. Geological Resources

A list

a. Physiography/Topoqraphy. PBA occupies a level alluvial 
terrace overlooking the Arkansas River in the west central portion of the 
Mississippi Embayment. The local relief of the terrace is less than 20 
feet, except where surface streams have cut to a depth of 20 feet in some 
locations. A 30 to 50 foot high north-south bluff bounds the terrace on 
the east. Total relief on PBA is 150 feet from an elevation of 190 feet 
msl at the Arkansas River to an elevation of 340 feet msl in the north
western portion.

b. Geologic Formations. Unconsolidated formations which 
outcrop on PBA aril quaternary alluvium deposited by the aggrading 
Arkansas River that occupies the narrow flood plain below the bluff and 
around Yellow Lake and quaternary terrace deposits underlying the bulk of 
PBA located above the bluff (see Figure 1-7). Outcropping on the north
west and possibly along the western boundary are shales, muds, and sands 
of the Jackson Group. The surface cut on the Jackson Group is at a higher 
elevation with more local relief than the terrace surface. Paleozoic 
bedrock lies about 3,000 feet below the surface. Table 1-5 shows the 
geologic section for PBA and vicinity. See also Appendix G.

TABLE 1-5

Formation Name

A1 luvium 
Terrace Deposits

Jackson Group 
undifferentiated

Cl airborne Group 
Cockfield formation 
Cook Mountain formation 
Sparta Sand

Age

Quaternary

Eocene

Eocene

Remarks

Unconsolidated, water 
bearing
Largely impermeable, 
minor water in thin sands

Water bearing

Older deposits Paleozoic bedrock

c. Soi1s. Surface soils at PBA range from clays, silts, to 
silty sands dependlng upon the environment of deposition. All types of 
material can be encountered at some depth in the subsurface although they 
are primarily silts, sandy silts, and clays (see Figure 1-8).
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There are five soil associations on PBA. The Angie-Sacul (Saffel)-Savannah 
association is located on the northern end of PBA. These soils are deep, 
moderately well drained, slowly and moderately slowly permeable, acid, and 
loamy. They consist of 35^ Angie, 25% Sacul, 25% Savannah, and 15^ 
inclusions of Amy, Ochlockonee, luka, Myatt, Cahaba, Susquehanna, and Pheba. 
Angie soils have grayish-brown fine sandy loam surface soil over yellowish- 
brown silty clay loam upper subsoil. Sacul soils have grayish-brown fine 
sandy loam surface soil over yellowish-red or red clay subsoil that is 
mottled gray in the lower part. Savannah soils have grayish-brown fine 
sandy loam surface soil over yellowish-brown loam or sandy clay loam subsoil 
that has a gray, yellow, and brown mottled fragipan in the lower part.

The Cahaba-Savannah association occupies a small niche on the western 
boundary of PBA. It is deep, well and moderately well drained, moderately 
and moderately slowly permeable, acid, and loamy. They consist of 45% 
Cahaba, 40% Savannah, and 15% inclusions of Angie, Att\y, Pheba, and Sacul.
The well-drained Cahaba soils have grayish-brown or brown fine sandy loam 
surface soil over yellowish-red or red sandy loam or sandy clay loam subsoil. 
The moderately well drained Savannah soils have already been described.

The Aniy-Pheba-Savannah association occupies the central part of the 
Arsenal. These soils are deep, poorly to moderately well drained, slowly 
and moderately slowly permeable, acid, and loany. They consist of 45% Amy, 
25% Pheba, 20% Savannah, and 10% inclusions of Myatt, Cahaba, Angie, Sacul, 
and Ochlackonee. The poorly drained Any soils have gray silt loam surface 
soil over gray, mottled silt loam or silty clay loam subsoil. The somewhat 
poorly drained Pheba soils have dark gray to grayish-brown silt loam or loam 
subsoil that has a fragipan in the lower part.

The Henry-Calloway-Grenada association lies on the southern end of PBA. 
These soils are deep, poorly to moderately well drained, slowly permeable, 
level to gently sloping, acid, and loamy. This association is made up of 
40% Henry, 40% Calloway, 15% Grenada, and 5% inclusions of Falaya and 
Zachary soils, and gullied land. The poorly drained Henry soils have 
grayish brown or gray silt loam surface soil over gray, mottled silt loam 
or silty clay subsoil that has a fragipan. The somewhat poorly drained 
Calloway soils have grayish-brown silt loam or silty clay loam subsoil that 
has a fragipan. The moderately well drained Grenada soils have brown silt 
loam or silty clay loam upper subsoil and mottled gray and yellowish-brown 
lower subsoil that is a fragipan.

The Crevasse-Portland association occupies an area around Yellow Lake 
and a narrow strip running north along the east edge of the Arsenal. These 
soils are deep, somewhat poorly drained, rapidly to very slowly permeable, 
and acid to neutral in pH. The sandy and clayey bottom land soils are 
subject to frequent flooding. The association consists of 45% Crevasse,
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30% Portland, and 25% inclusions of Rilla, Keo, Morqenfield, Latanier,
Desha, and Perry. The excessively drained Crevasse soils have brown loatny 
sand surface soil overlying light yellowish-brown sand. The somewhat poorly 
drained Portland soils have dark grayish-brown silty clay loam to clay 
surface soil over dark brown to red, mottled clay subsoil.

1-22
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II. CONTAMINATION ASSESSMENT 

A. Industrial Operations
1. Historical Background
In 1941, Pine Bluff Arsenal was established for the manufacturing, 

loading, and assembly of various incendiary and chemical munitions. The 
original mission of loading magnesium and thermite types of incendiary bombs 
was expanded through the years to include the manufacture of agent, filling 
of chemical bombs, incendiary smoke munitions, and the filling of various 
munitions with chlorine, mustard and lewisite.

During the Korean War PBA produced incendiary bombs and clusters, smoke 
grenades, smoke pots and canisters, white phosphorus and FS shells (sulfur 
trioxide - chlorosulfonic acid solutions). Biological warfare operations 
were started in 1953. In 1961 a CS munition production facility was com
pleted and in 1962 a BZ munition facility was put in operation. Appendixes 
H and I contain lists of buildings at PBA.*

2. Production Operations
Produciilbh at PBA can be grouped into three main categories: (1) 

Pyrotechnics (formerly incendiary), (2) Chemical manufacturing, and (3) 
Biological operations. These production categories are identified on Figure 
II-2.

a. Pyrotechnic Area. The pyrotechnic area is located in area 
3, sections 1, 2, 3, and 4. Sections 1 through 3 are similar in layout; 
there are two plant units and each has two production lines. Colored smokes 
(red, yellow, green, and violet), M36 cluster, and CS facilities are 
scattered throughout the three sections. Primary facilities for handling 
colored smoke are buildings 33-530 and 33-630 which are used for filling/ 
pressing of grenades and canisters, respectively. Other operations such as 
mixing, drying, storage, etc. are scattered throughout sections 1 through 3. 
The primary facility for handling the M36 cluster is building 33-530 wherein 
pressing, assembly, leak-test, and packout operations occur. Primary 
facilities for CS are buildings 31-630 and 32-640 for grenades and canisters, 
respectively. Other operations involving CS (mixing, drying, etc.) and the 
M36 cluster (mixing, primer/firing pin subassembly, etc.) are scattered 
throughout the three sections. Note: The M36 cluster facility was removed 
from Building 33-530 in 1972. No M36 cluster facilites are presently at PBA.

*The process of locating individual facilities or buildings has been greatly 
simplified at PBA. Arsenal lands have been divided into numbered areas 
which are themselves subdivided into numbered sections. Each structure is 
then numbered to identify the area/section in which it lies. For example, 
building 31-630 is located in area 3, section 1, etc. (See Figure II-l.)
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The HC smoke (white smoke) production area is located at the north end 
of the pyrotechnic area. Facilities are buildings 34-340 through 34-680 and 
consist of five production buildings and two support structures. Building 
34-630, the primary building, has the capability to fill/press smoke pots. 
Building 34-860 is a storage igloo in the original HC smoke area.

Production facilities for the TPA-filled M74 rocket clip are concentrated 
in a minor portion of area 3, section 1. Primary facilities are building 
31-540 for the fuze/clip subassembly operation and building 31-640 for fill/ 
load assembly pack (LAP).

Former BZ production facilities are fenced off from other buildings. 
Primary facilities are building 32-530 for filling, loading, assembly, and 
packout and building 32-540 for agent production. Equipment for BZ pro
duction has been decontaminated and buried at the PBA landfill.

Building 32-070 was converted into a facility to impregnate clothing 
worn by personnel subject to exposure by chemical agents. The building was 
formerly a tool and die machine shop. Articles of clothing are treated in 
an aqueous suspension of polyvinyl alcohol, chlorinated paraffin, and 
biphenyl dichloro urea. A waste treatment study on this facility by AEHA, 
Report No. 24-044-73/76, dated 13 February - 21 March 1974, is included as 
Appendix J.

Buildings 34-101 through 34-220 constitute the WP filling facilities. 
Three wet fill lines and one dry fill line, empty/filled shell, inspection/ 
packout, and demilitarization/rework areas are located in building 34-110, 
the primary building. Oven-testing as a phosphorus leak check is performed 
north of Building 34-110 in steam heated ovens. Some of the items filled 
in these facilities prior to 1974 are listed in Table II-l. A typical 
years production for 1972 is listed in Table II-2,

TABLE II-l. ITEMS FILLED IN WP FILLING FACILITIES PRIOR TO 1974
Items Filled on Wet Lines Items Filled on Dry Line

Grenade, M34 
Bomb, BLU-17/P, WP 
Cartridge, 60-mm, M302 
Igniter, AN-M23A1
Warhead, Rocket, 2.75 inch, M156 & XM67 
Cartridge, 105-mm, M60E1 and M416 
Cartridge, 4.2 inch, M348A1 
Projectile, 5 inch, MK-14 and M5 
Projectile, 155-mm, MHO 
Projectile, 175-mm, XM510E2 
Launcher, CBU-12 and CBU-22

Warhead, Rocket, 2.75 inch. Ml56 
Cartridge, 60-mm, M302 
Cartridge, 81-mm, M375 
Cartridge, 4.2 inch, M328 

Cartridge, 105-mm, M60 and M416
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TABLE 11-2. SUMMARY OF MUNITION QUANTITY/QUALITY FOR FY 1972 
AN OUTPUT LIST FOR A TYPICAL PRODUCTION YEAR

End Item Description

. -i

Net No. Lots
Quantity No. Temp/Perm Inprocess
Produced____ Lots Rejected Rejects

- r T 
V, 'V

Bomblet, INC, M126 2,421,183 76 — 18,888

Cluster. M36E2 13,498 77 — —

Canister, 105mm, CS, XM8 141,839 22 — 2,183

Grenade, AN-M8 189,867 26 -- 7,460

Grenade, Colored Smoke, Ml8 408,800 53 5 635

Grenade, Ml8 Green 216,056 31 1 1,082

Grenade, Ml8 Red 125,344 13 -- 224

Grenade, M18 Violet 288,831 30 1 1,054

Grenade, Ml8 Yellow 557,739 62 1 1,797

Grenade, M34 21,888 1 -- 61

Igniter. AN-M23A1 108,888 8 -- 135

Projectile, 57mm, WP 26,156 2 -- 41

Projectile, 81mm, WP 65,700 1 -- 59

Projectile, 81 tm, M375 24,894 4 -- 288

Projectile. MK14, MOD 0 2,424 4 -- 5

Starter, Fire, NP3, M2 1,250 1 — 2

Warhead, 2.75", WP 194,994 8 — 746

LAP Ctg, 81mm, M375 43,296 1 -- 85

LAP Warhead, 2.75", w/Fuze, M423 2,453 1 -- --

LAP Warhead, 2.75", w/Fuze, M427 319,668 32 — 1

LAP Projectile, 81nri, M375, WP 27,076 2 — —

LAP Rocket, 2.75", w/Warhead 2,453 2 -- —

Miscellaneous 15.830 147 _

TOTAL/YEAR 5,220,127 604 8 34,746



White phosphorus LAP facilities include buildings 44-100 through 44-121. 
The primary building (44-110) is able to receive WP filled items and to 
perform reworking, storage, maintenance, and assembly/packout operations.

b. Chemical Manufacturing Area. Mustard (H) and lewisite (L) 
manufacturing and filling operations were conducted in area 5, the chemical 
manufacturing area, from 1942 through December 1943.

In support of the mustard and lewisite operations, facilities for manu
facturing chlorine and arsenic trichloride were constructed and operated 
from late 1942 until late 1943. Table II-3, obtained from historical records 
of PBA, shows amounts of materials produced through December 1943.

TABLE II-3. ACCUMULATIVE PRODUCTION FIGURES TO DECEMBER 1943
Mustard (H)
Lewisite (L)
Nitrogen Mustard HN-1
Chlorine
50% causticM47A2 Bombs filled with H 
M70 Bombs filled with H 
M70 Bombs filled with L 
4.2 inch shells filled with

11,300 tons 
6,800 tons 

65 tons 
13,500 tons 
13,500 ttons 

215,581 each 
120,000 each 
128,750 each 
40,400 each

The original complex contained 168 buildings/structures (see Figure II-3). 
These facilities remained idle until about 1950 when Diamond Alkali and 
Chemical Company and ARK-LA Chemical Corporation leased the old chlorine 
manufacturing facilities, a boiler house, and warehouse space for storage 
of chlorine manufactured until November 1969 (Area 5, Sections 2 and 3).
Pine Bluff Chemical Company (later Niagara Chemical Company) leased several 
buildings to manufacture DDT and chlorobenzene for commercial agricultural 
pesticides using the chlorine (Area 5, Section 4). The former mustard 
manufacturing facilities have been declared excess and many of the buildings 
removed. Facilities retained include: (1) building 53-220 and pit 53-225
to be used for the proposed Binary Munitions Facility; (2) tanks 53-150, 53- 
250, 53-350, and 53-450 for the proposed Bulk Mustard Disposal Facility; (3) 
ten buildings/structures for present/future use. Included in the latter 
group is the former H filling building (53-990) which is presently used 
for storage by the Directorate of Depot Operations. Excessed buildings 
still standing Include two small buildings and a cafeteria. The former 
L production facilities have been declared excess. Buildings 54-140, 54-240, 
54-340, and 54-440 (three-story concrete and tile construction) were the 
primary facilities for lewisite production. Building 54-340 was also used 
to produce nitrogen mustard for a short period of time. The buildings cannot 
be disposed of by the Corps of Engineers because the removal cost is greater 
than the salvage value and potential contamination. Building remaining from

II-6
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the H and L facilities (see Figures II-4, II-5, II-6, and II-7) and their 
surrounding lands are known or suspected of being contaminated with ODT and 
arsenic as well as H and L and have been placed "off-limits." Building 
54-140 (one of the L buildings) was leased during the 1950's by Niagara 
Chemical Company for DDT production, an operation that led to widespread 
contamination of facilities and grounds with DDT. The foundations of 
buildings 54-270 and 54-325 were retained for storage of DDT contaminated 
soil and other wastes. See Figure II-8.

c. Biological Operations. Biological operations including 
agent fermentation, munitions filling/production, and laboratory support 
were conducted in area 9 at PBA. Some of the biological warfare materials 
produced between 1954 and 1967 included Brucella suis, Pasteurella 
tularensis, Bacillus anthracis, Botulinum toxin, Staphylococcal enterotoxin, 
Clostridium botulinum toxin, and coxiella burnetii. Bulk agents along with 
antipersonnel munitions filled with these agents and toxins were stored at 
the Directorate of Biological Operations (DBO). Igloos utilized to store 
biological materials were identified as numbers 85-010, 85-030, and 85-040. 
The operations of the DBO were terminated in November 1969. During 1971 all 
stocks of biological munitions, agents, and toxins were destroyed in 
accordance with approved demilitarization plans. The DBO facility was 
decontaminated and deactivated and in 1972 the entire complex of land, 
buildings, and equipment was turned over to the Food and Drug Administration 
who now operates it as the National Center for Toxicological Research (NCTR). 
NCTR is operated separately from PBA. Waste generated by the Center is 
monitored by NPDES permits. NCTR operations were outside the scope of this 
records search.

3. By-product Waste and Contamination
It is possible that each of the production areas has contributed 

extensively to the contamination of PBA. Personnel on the Arsenal have 
compiled a list of suspected contaminated sites including drainage ditches. 
See Appendix I (Environmental Assessment Report). Suspected contaminants, 
site locations, and periods of active contamination are provided In Figure 
II-IO. Several additional areas/sources of suspected contamination iden
tified during the Team survey are shown in Figure II-9. In the pyrotechnic 
area, a significant amount of material was lost during preparation and 
transfer of mixes and during the pressing and sealing of canisters. During 
clean-up operations, accumulated mixes were flushed into the drainage systems 
and subsequently into drainage ditches which ultimately discharge into other 
ditches that cross private property en route to the Arkansas River (see 
Appendix K, AEHA Report 24-002-73, dated 17 - 21 July 1972). During an 
eight-hour shift It Is estimated that 117,000 gallons of waste water is 
discharged when all buildings are in operation. The pyrotechnic area is 
drained by Warbritton Creek and the Production Area Creek. There are 22 
drainage ditches in areas 3 and 4 which have been identified by PBA as being 
contaminated. Figure II-IO, item 32, identifies contaminated areas. A list 
of potential pollutants from the pyrotechnic complex Is provided In Table 
II-4.

'i
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LEGEND

1. DBO BURIAL SITE:- SLUDGE FROM DEMILITARIZED BW AGENTS. LOCATED BETWEEN 
POLES 9B 27 AND 9B 31 ALONG POWER LINE B. IN USE DURING 1971.

2. BLUFF OVER ARKANSAS RIVER; GENERAL DEBRIS, SUCH AS, WIRE SCREEN, CONCRETE 
FORMS, ETC., ON SURFACE.

3. OLD BURIAL PITS; LOCATED ALONG ARKANSAS RIVER NORTH OF SUSPECTED 
CONTAMINATED SITE NUMBER 12. THOUGHT TO CONTAIN JUST ABOUT EVERYTHING.

4. SHORT RANGE GUN EMPLACEMENT: POSSIBLE 4.2 INCH WP AND HE UNEXPLODED 
ORDNANCE WITHIN THE SURFACE DANGER ZONE, IN USE BETWEEN 1942 THROUGH 
1944.

5. LONG RANGE GUN EMPLACEMENT: POSSIBLE 4.2 INCH WP AND HE UNEXPLODED 
ORDNANCE WITHIN THE SURFACE DANGER ZONE, USED DURING PERIOD OF 1942 
THROUGH 1944.

6. OLD BURNING GROUND: USED 1942 THROUGH 1944 FOR NP DISPOSAL.

7. FORMER DEMILITARIZATION SITE: PRIMERS FROM M50 BOMBLET, IN USE FROM 
1948 THROUGH 1950.

8. BOMBING FLIGHT PATH BETWEEN ARKANSAS RIVER AND BOMBING MAT: POSSIBLE 
UNEXPLODED BOMBLETS ALONG FLIGHT PATH.

II-14a
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LEGEND

AREAS OF SUSPECTED CONTAMINATION AT PBA

ITEM CONTAMINANT PERIOD LOCATION

1 CONSTRUCTION WASTE

2 M6. CN, DM

3. ACID. AsClg WASTE. DDT

4 MUSTARD. INCENDIARIES

5 MUSTARD

6 INDUSTRIAL SOLID WASTE

MUSTARD. OTHER CONTAM
INATION SUSPECTED

8 FLOATING HC SMOKE POTS

9 MUSTARD

1955/1956

1944/1948

1945/1948

BURNED 1944/ 
COVERED 1946

BEFORE 1946

BEFORE 1969

BEFORE 1946

CURRENT USE 

RAIN RUN-OFF

AREA 8. SEC 5. AREA ACROSS FROM BLDG 85-160 AND 
85-161.

AREA 5. SEC 6 8i 8i. AREA NORTH OF WEBSTER ROAD. 
WEST OF INTERSECTION WITH DOOLITTLE ROAD. TEST 
SITE.

AREA 5. SEC 4. NORTH AND WEST OF BLDG 54-500.

AREA 5. SEC* 2. ABANDONED BURNING SITE WEST OF 
THE INTERSECTION OF 504TH ST. AND AVE. 6242.

BLDG 53-990. BASEMENT AND NETWORK OF TUNNELS 
LOCATED BENEATH FIRST FLOOR. CURRENTLY FILLED 
WITH WATER.

AREA 5, SEC 0. AREA SOUTHWEST OF ARKIS CHEMICAL 
MANUFACTURING AREA. 300 FT BY 1.300 FT.

AREA 5. SEC 5. BARROW PITS ADJACENT TO SOUTH 
EDGE OF TOXIC STORAGE YARD AND THE TOXIC 
STORAGE YARD.

AREA 5. SEC 7. POND ON DOOLITTLE ROAD. TEST SITE.

AREA 7. SEC 4. STREAM RUNNING FROM TOXIC 
STORAGE YARD TO ARKANSAS RIVER.



LEGt.,iJ (CONTINUED)

AREAS OF SUSPECTED CONTAMINATION AT PBA

ITEM CONTAMINANT PERIOD LOCATION

15

16

CS. PYROTECHNICS, MUNITIONS, 
SMOKES, INCENDIARIES

ARSENIC. MUSTARD. LEWISITE. 
DDT

LEWISITE, PHOSGENE. MUSTARD 
FILLED AMMUNITION AND 
COMPONENTS

PYROTECHNICS

WP TRENCH MORTAR. PYRO
TECHNICS, DUOS (POSSIBLY 
ALL CONTAMINANTS 
FOUND AT PBA)

GARBAGE, DDT

WP

PYROTECHNICS, INCENDIARIES. 
COLORED SMOKES, CS, CS2, CN. 
DM, HC, AND MUNITION SHELL 
CASTINGS

GARBAGE AND INDUSTRIAL 
WASTE

CURRENT USE

BEFORE 1956

BEFORE 1948

APPROX 1960

1943/1948

1948/1968

CURRENT USE

CURRENT USE

1968 TO PRESENT 
TIME

AREA 7, SEC 7. DEPOT'S BURNING AND DEMOLITION 
AREA.

AREA 5, SEC 4. EAST OF BLDG 54-500, 507TH ST.
TO ATKISSON ROAD. 47 BUILDINGS, STRUCTURES. 
SLABS AND PITS, INCLUDES FOUNDATIONS OF 
FORMER BUILDINGS 54-270 AND 54-325.

AREA 7, SEC 7. ABANDONED BURNING PITS SOUTH
WEST OF THE ARKANSAS RIVER AND EAST AND 
SOUTHEAST OF BOMBING MAT.

AREA 7, SEC 4. ABANDONED BURNING SITE NORTH
WEST OF McCOY ROAD. APPROXIMATELY 1.000 FT 
NORTH OF INTERSECTION OF WISE AND McCOY.

AREA FROM BLOGS 42-410 & 44-301 TO BOMBING 
MAT. PROOF TEST AREA INCLUDING YELLOW LAKE 
AND THE AREAS NORTH AND EAST OF YELLOW 
LAKE.

AREA 4, SEC 4. SANITARY FILL 600 FT NORTH OF 
INTERSECTION OF HOADLEY AND McCOY ROADS.

AREA 4. SEC 4. STREAM RUNNING FROM WP POND 
TO YELLOW LAKE.

AREA 4. SEC 4. OSO TEST RANGE, 300 FT BY 
1.400 FT. NORTH OF BLDG 44-300.

AREA 4. SEC 3. SANITARY FILL NORTH OF McCOY 
ROAD, EAST OF DILLY FARM.
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ITEM

LEGEND (CONTINUED)

AREAS OF SUSPECTED CONTAMINATION AT PBA

CONTAMINANT PERIOD LOCATION

19

20

23

24

27

28

31

32

TRASH

WP AMMUNITION

WP. CONSTRUCTION DEBRIS

SMOKE GRENADES

THERMITE WASTE FROM BZ POND

THERMITE. HC. INCENDIARY, 
COLORED SMOKE

THERMITE WASTE FROM BZ POND

PHOSPHATES DISSOLVED IN 
WATER OF YELLOW LAKE

SODIUM CHLORIDE

SMOKE MUNITIONS RESIDUE

CURRENT USE

1944/1970

CURRENT USE 

BEFORE 1951

CURRENT USE

BEFORE 1951 

CURRENT USE

BEFORE 1969

CURRENT USE

AREA 4. SEC 3. FACILITIES BURNING PIT.

AREA 4. SEC 2. BURNING AND DEMOLITION AREA 
FOR DEPOT, NORTH OF McCOY ROAD.

AREA 3, SEC 4. OLD 15 INCH WP LINE FROM BLDG 
34-170 TO THE SOUTHEAST CORNER OF BLDG 
34-110.

AREA 3. SEC 3 PRODUCTION TEST AREA.

AREA 3, SEC 2. AREA SOUTHWEST OF STOKES 
ROAD AND 400 FT SOUTH OF THE INTERSECTION 
OF EVERETT DRIVE.

AREA 3, SEC 2. AREA AROUND BLDG 32-014.

AREA 3, SEC 2. AREA EAST OF BZ POND.

YELLOW LAKE. SLUDGE AND WATER OF YELLOW 
LAKE.

AREA 5, SEC. AREA BOUNDED BY 502 & 504 STS. 
AND AVE. 51

AREA 3, SEC 3. QC TEST SITE.

AREAS 3 AND 4. TWENTY-TWO DRAINAGE DITCHES.

* NUMBERS 21. 25, AND 30 NOT USED.



TABLE 11-4. POTENTIAL POLLUTANTS FROM THE PYROTECHNIC COMPLEX
Acetone
Acid, Hydrochloric 
Acid, Sulfuric 
Aluminum, Powder 
Auramine HCl 
Barium Nitrate 
Benzanthrone 
Black Powder 
BZ Agent 
Castor Oil 
Charcoal 
CN Agent 
Cornstarch 
CS Agent
Decon Solutions (Dane, DS-2, STB, HTH)
Detergents
Dextrin
Diatomaceous Earth 
DM Agent
Dye (reds, green, yellow, violet) 
Enamel 
Graphite 
Gum, Arabic, 8%
HC Mix 
Heptane

in HgO

Hexachloroethane
Ink
Iron Oxide 
Kerosene 
Lacquer 
Lactose
Magnesium Carbonate 
Nitrocellulose 
Paint Thinner 
Particulate 
Phosphoric Acid 
Potassium Chlorate 
Potassium Nitrate 
Primer Cord 
Red Lead (Lead Oxide) 
Silicon
Sodium Bicarbonate
Sodium Hydroxide
Sugar
Sulfur
Titanium
Trichloroethylene 
White Lead 
Zinc
Zinc Oxide

? ) 
■' ; 

V i

H.- ■.

Wastes generated in the white phosphorus area include steam condensate, 
"phossy water" from direct contact with molten phosphorus, and other waste- 
waters such as floor washing, etc. These waters (with the exception of 
steam condensate) are high in elemental phosphorus, phosphates, and sodium. 
White Creek receives wastes from shop and production areas and drains 
them into Yellow Lake (Figure II-IO). Disturbing the waters of this 
creek brings up fine solids from the creek bed that produce a white 
smoke upon exposure to air due to the presence of white phosphorus 
in the solids.

The area surrounding the old chemical manufacturing area is probably the 
most heavily contaminated area on the Arsenal. The production of mustard, 
lewisite, sulfur monochloride, chlorine, and arsenic trichloride have 
resulted in contamination of many buildings and their surrounding properties 
as a result of spills and early practices of indiscriminate disposal. In 
addition, Triplett Creek, which drains not only the manufacturing area but 
also the Toxic Storage Yard, is also contaminated. Lewisite production, for 
example, provided a sludge which contained arsenic trioxide, mercurous 
chloride, and organic polymers. Disposal procedures used for these materials 
are unknown.
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Outleasing of facilities during the early 1950's for the production of 
DDT (building 54-140 was the primary building) resulted in contamination of 
the entire manufacturing area, the surrounding streams, several dump areas, 
and an old sanitary landfill. The results of a comprehensive study conducted 
on the DDT problem by AEHA may be found in Report 99-065-75/76, dated 
28 - 31 July 1975, and attached as Appendix L.

During the years of DBO operations (1953 to 1969), waste products 
routinely produced in the manufacture/handling of BW materials were ster
ilized by either heat treatment or incineration prior to discharge into 
the sewer system. The sewer empties into the Eastwood Bayou which drains 
the northern part of the Arsenal and subsequently discharges into the 
Arkansas River. After the closure of DBO, materials stored in the igloos 
were removed and the igloos were decontaminated. During this period the 
industrial and sanitary sewers were combined. The BW organisms taken from 
storage were destroyed by heating them at 300'’F for 10 minutes. Resulting 
wastes were sent to a conventional sewage treatment plant for biodegradation. 
Effluent from the sewage treatment plant was concentrated in a lined evap
oration pond. Sludge from the pond was put on the ground along power line 
B right of way between poles 9B27 and 9B31 and disked into the soil. (See 
Appendix M.) Other materials/equipment were decontaminated by heating them 
in a smelter in building 85.

B. Laboratory Facilities
Building 54-500 was utilized during the earlier days of lewisite 

manufacturing as an analytical laboratory and it was later used as an admin
istrative building for the facilities engineers. Presently the structure is 
unoccupied and is suspected of being contaminated with mustard, lewisite, 
arsenic and DDT in the drainage network.

There are three active laboratory buildings at Pine Bluff. Buildings 
32-130 and 32-150 perform analytical and physical testing, respectively.
They are located in the northeast part of area 3, section 2. The Product 
Assurance Directorate (PAD) Laboratory is a well equipped facility housed in 
building 34-111. Work performed in the PAD Laboratory includes: product 
acceptance, surveillance, control, and special investigative testing. 
Materials analyzed in the PAD Laboratory are listed in Table II-5. Radio- 
graphic non-destructive inspection is performed in the X-ray Laboratory 
(building 34-111) on munitions ranging in size from small items to 155mm 
projectiles. White phosphorus and liquid filled munitions; smoke/incendiary 
grenades, pots, and rockets; along with warheads and projectiles from the 
LAP lines receive this type inspection. Special agent testing (BZ, mustard, 
etc.) is also performed in this Laboratory.

Ancillary test facilities include the following: In building 44-125
there is a pendulum device for free-fall testing of M69 and M74 incendiary
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bombs. Electronic equipment for testing fuzes, grenades, etc., are located 
in building 44-330. A wind tunnel used to test CS and BZ products dissem
inated in a solid micropulverized state or in a smoke cloud is located in 
the Agent Return Test Facility, building 32-535. Building 44-330, located 
at Dilly Farm near Yellow Lake, is a proof/test facility that provided 
controlled temperature conditions and fuze testing. Deep freeze, low 
temperature, and high temperature aging equipment are housed in building
31- 750, the First Article Inspection Station. A drop tower, structure
32- 690, permits testing of AN-M50 and Ml26 bombs from heights up to 40 feet.

TABLE II-5. MATERIALS INCLUDED FOR ANALYSIS AT PAD LABORATORY
Acids
Adhesives and Adhesive Tape
Alkalies
Aluminum
Bleach
BZ
Casein
Charcoal
Chlorates
CS
Dyes
Glue
Hexachloroethane
Impregnite
Incendiary and Smoke Mixes 
Iron Oxide 
Molasses Residum 
Mustard Gases

Oils
Paint, Lacquers, and Stencil Inks
Pettman's Cement
Pottassium Chlorate
Red Lead
Silicon
Soaps
Sugar
Sulfur
Thickener
Titanium
Vesicant Detector Crayon 
Vesicant Detector Papers 
Waterproof Liners 
White Phosphorus 
Yeast
Zinc Oxide 
Others

C. Field Test Ranqes/Sites
Eight test areas used in the past for chemical munitions have been located 

on the Arsenal (see Figure II-ll): A pond on Doolittle Road (area 5, section 
7) for testing smoke pots; the burning and demolition area southwest of the 
bombing mat (area 7, section 7) for items manufactured by PBA or stored by
the Depot; an alternate site north of the intersection of Wise and McCoy
Roads (area 7, section 4) for testing/burning CS when Wind conditions 
preclude use of site area 7, section 7; a QSO test range north of building 
44-300 (area 4, section 4) at Dilly Farm on the bluff at Yellow Lake used 
for any test item except CS; a production test area (area 3, section 3) for
smoke grenades; a drop tower (building 32-014, area 3, section 2) for
thermate, incendiary, HC and colored smoke munitions; a QC test site (area 
3, section 3) for HC and colored smoke; and a concrete m^t for air drop 
testing of bombs and a range for testing M74 rockets and M47 grenades (area 
7, section 7).
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It is estimated that 0.2% of all materials produced at PBA were tested. 
Another indication of the amount of testing that has been done at PBA can be 
seen at the QC test site at Dilly Farm where the bank surface, measuring 
approximately 90 feet wide by 20 feet deep, has been extended approximately 
20 feet towards Yellow Lake with fill consisting of test materials.

The Arsenal has one rifle range (area 1, section 2) located off of McCoy 
Road at the end of Turner Road which is used for weapon familiarization only.

D. CBR Burial Sites/Disposal Areas

Historical documentation collected during the Team survey revealed that 
at least five burial pits, located south of the Toxic Storage Yard, were used 
extensively for the disposal of mustard filled munitions and containers. 
Included were items such as 55 gallon drums, ton containers, M2 shells,
4.2 inch shells, and M70 and M47 bombs containing mustard agent. In 1955 
PBA opened the pits and demilitarized the containers/munitions, decontam
inated the pits with STB, and refilled them with dirt. Historical photo
graphs of the clean-up operations are included as Appendix B. Recent soil 
tests show that the area south of the Toxic Storage Yard is heavily contam
inated with thiodiglycol, a decomposition product of mustard.

The Directorate of Depot Operations has the responsibility for the 
disposal of contaminated wastes at PBA. It has been estimated that there 
are approximately 200 pounds per week of munition wastes alone that require 
disposal. These materials were demilitarized by open-pit burning in one of 
two major sites. Munition waste is now held for future disposal when the 
pollution abatement facilities are completed in CY79. The south burning 
area is used for the disposal of WP, pieces of fuse material, and CS in 
pyrotechnic mixture. Materials burned in the north open-pit burning area 
include contaminated construction and laboratory materials, explosives, 
smoke grenades, incendiaries, etc., but does not include WP.

Burning of explosives in the past led to wide-spread scattering of 
munition fragments; consequently, screened enclosures (see Figure 11-12) 
were constructed to contain flying debris from exploding munitions. It was 
reported that German World War II rounds containing mustard agent were 
involved in one incident. The mustard rounds were recovered, deactivated, 
and decontaminated before burial.

E. Storage of Toxic/Hazardous Materials

PBA has four areas designated for the storage of chemical and high 
explosive materials. These areas are identified as the bomb storage magazine 
area, the Toxic Storage Yard (TSY), and the north and south igloo storage 
areas.

The bomb storage magazine area is located in area 4, section 1, and 
consists of 72 structures which are used exclusively as warehouses. The TSY
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is located in area 5, section 5; it has four warehouses in addition to 89 
open chemical storage racks. The north igloo area has 65 reinforced 
concrete igloos; it was formerly a CG Exclusion Area before termination of 
the installation's biological operations. It is presently designated a 
Chemical Limited Area for the storage of chemical surety materials. The 
south igloo area is subdivided into two sections. One section, designated 
a Controlled Area, has 192 reinforced concrete igloos and it is used 
primarily for the stora^ of conventional munitions. The other section, 
designated a Chemical Limited Area, is used for the storage of surety 
material and has 8 reinforced concrete igloos.

There are no radiological or biological materials stored at PBA. 
However, there are munitions, ton containers, identification kits, etc., 
stored there that contain GB, VX, BZ, and HT/HD agent(s) in addition to 
standard munitions.

F. Support Activities

1. Water Supply

All water requirements for PBA are fulfilled utilizing the deep 
well systems described earlier. An AEHA Water Quality Engineering Survey 
number 24-002-73 points out that slurry from settled and filtered backwash 
solids from the chemical area water treatment system was being discharged to 
natural surface drainage. A subsequent Army construction (MCA) funded 
project for- the modification of solids disposal, incorporating the use of 
sludge lagoons to contain the slurry, has since been completed. See 
Appendix K.

2. Waste Disposal

Waste from PBA is in two categories, solid and liquid. Solid waste 
disposal will be discussed under Sanitary Landfill. Liquid waste disposal 
includes both industrial and sanitary sewage.

There are two separate collection systems at PBA — sanitary and 
industrial. There are also two sewage treatment plants — the incendiary 
bomb filling (IBF) area sewage treatment plant and the area 5 sewage treat
ment plant. The collection systems and locations of these plants are shown 
in Figure 11-13.

The maximum capacity for the IBF plant is 2,000,000 gallons per day.
The average flow for a typical period (January to July 1972) was 75,000 
gallons per day. This plant receives sanitary sewage from the adminis
trative area, depot operations area, salvage yard, housing area, white 
phosphorus area, and pyrotechnic area. Effluent from the primary treatment
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is then given a secondary treatment by pumping it to an oxidation pond.
Effluent from the pond is chlorinated and discharged into Production Area 
Creek.

Area 5 (chemical area) sewage treatment plant has a capacity of 
1,000,000 gallons per day. Its average flow in 1972 was 45,000 gallons per 
day. The plant receives sanitary and industrial waste from the NCTR and 
sanitary waste from area 5. The NCTR sanitary wastes are conveyed directly 
to the plant. The NCTR industrial wastes are conveyed separately to an 
equalization pond and, when elevated pH is measured, sulfuric acid is added 
to the waste just before it enters the pond. The pond effluent enters the 
NCTR sanitary sewer approximately one-half mile from the sewage treatment 
plant. Area 5 sanitary waste is conveyed directly to the treatment plant. 
Effluent from the primary treatment is given a secondary treatment con
sisting of an Infilco filter and a 20-acre oxidation pond. The effluent 
from the oxidation pond is then chlorinated before being discharged into 
Triplett Creek. See Appendix N.

In addition to these two treatment plants five septic tanks are used in 
remote areas to provide treatment for domestic wastes.

There are three types of industrial wastes at PBA that receive no treat
ment. These are pyrotechnic area wastes, white phosphorus wastes, and 
contaminated area runoff. Currently wastewaters associated with the pyro
technic production activities are discharged directly to surface streams.
Wastes from the white phosphorus production area flow directly to a series 
of settling basins and then into White Phosphorus Creek. All storm runoff 
waters at PBA flow into open ditches. These ditches drain into the Arsenal 
streams and eventually reach the Arkansas River. Runoff occurs from 
previously identified contaminated areas that have been used for disposal of 
chemical agents, pesticides, trash, white phosphorus, and other wastes. As 
long as these areas exist there is a possibility that runoff from the areas 
may contain pollutants. See Appendix K. Industrial Waste Treatment Facilities 
presently under construction are scheduled for completion during CY79.

G. Land Use Factors
1. Pesticide/Fertilizer
A pesticide program of sorts has been in existence since the acti

vation of the Arsenal. A formal preventive program was initiated in March 
1970. A summary of this program is contained in Table II-6.

An herbicide program began in 1960 with the application of poly- 
borochlorate on railroad right of ways. In 1966, Urex II Monuron was 
substituted for polyborochlorate. Between 1969 and 1971, road shoulders 
were treated with the herbicide polyborochlorate. In 1962, 1964, and 1972

_ 3
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the application of two pounds per acre of 2,4,5-T and 2,4-D in a 50/50 ratio 
was used in the igloo area. The 2,4,5-T was used continuously from 1962 to 
1971 in selected areas.

u.

Between 1969 and 1972 golf course fairways and administrative area 
grounds were treated with monosodium methyl arsenate. Since 1968, vege
tation around fire hydrants, culvert headwalls, and steam lines near the 
ground have been treated with a solution of monoborochlorate. In 1963, a 
program to kill diseased and undesirable species of trees was initiated; 
this consisted of a 2,4-D injection directly into the tree.

After 1972, the herbicide program, except for the railroad right of 
ways, was included in the Arsenal vegetation control contract. The herb
icides used in this program are included in Table II-6. Since 1971, the 
application of herbicide on railroad right of ways has been contracted to 
firms specializing in this type of work. No Standing Operating Procedure 
for herbicide and pesticide application exists.

Fertilizer is used annually on all improved grounds. A normal appli
cation consists of 20-10-10 (20 pounds of nitrogen, 10 pounds of phosphonic 
acid, 10 poUhds of potash) at a rate of 300 pounds per acre per year. New 
landscape plantings are fertilized with a 10-20-10 fertilizer.

2. Sanitary Landfills

Solid waste at PBA is separated into salvable, non-salvable, and 
contaminated waste. Salvable waste is hauled to the Salvage Yard for 
disposition. Non-salvable waste is hauled to a landfill site by a con
tractor. Contaminated material is collected and disposed of by the Depot 
Operations Group. See Appendix 0.

PBA generates solid waste at an estimated rate of 3,200 cubic yards per 
month (uncompacted). The present sanitary landfill is located on the 
Arkansas River terrace along the east-central border of the Arsenal south of 
Yellow Lake. The 6.5 acre site, of which .75 acres have been filled, 
employs a trench method of operation. It is being filled at an average rate 
of .27 acres per year and has a life expectancy of 20 years. Waste delivered 
to the site is continually spread and compacted. After being compacted, six 
inches of cover material is placed over the refuse daily.

Several old pit areas were identified on PBA. These are located in 
Figure 11-14. No known contaminants were placed in the pits which contain 
old limber and construction debris. The pits located east and west of the 
firing pads were used for burning powder and munition wastes. See Appendix 
P.
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TABLE 11-6. SUMMARY OF HERBICIDE AND PESTICIDE APPLICATIONS AT PBA 

Herbicide/Pesticide* Used for Control of Where Used

fS3

Herbicides

Monosodium Methylarsonate Dallisgrass Golf course and administrative lawn

Bromacil Conifer & all other vegetation Igloo area 5, bomb storage magazines, electrical sub
stations, TSY, fences, road shoulders, etc.

2,4-D; 2,4,5-T mixture Broadleaf vegetation Igloo areas

Pesticides

Chlordane, 7.% spray Termites and ticks Admin & housing area lawns & termite infested bldgs

Chlordane, 5% dust Ants Ration storage areas

Diazinon, 1/2% spray Roaches Food service and storage areas

Diazinon, 2% dust Roaches Military areas only

Duraban, 1/2% spray Roaches Food service areas

Malathion, 5% spray Mosquitoes Mosquitoes production area

Sevin Dust, 1% dust Mosquitoes Mosquitoes production area

Warfarin, 1/4% in grain Rats All food storage areas and food service facilities

Baygon, 1% dust Roaches All food storage areas and food service facilities

Pyrethrum aerosol, .6% 
Pyrethrum Insecticide, .04% 
Pyrethrum Ryonia
Pyrethrum BP 300

Flies and roaches All food storage areas and food service facilities

Roost-No-More Birds Production areas
*The use of trade names in this report does not constitute an official endorsement or approval of such commercial 
products. This report may not be cited for purposes of advertisement.
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H. Geological Migration Potential Time/Distance Relationships

Little data is available on the percolation of water from the surface to 
the shallow water table or groundwater. Average permeability values derived 
by the US Department of Agriculture are low, implying that only small 
amounts of rainfall percolate through the upper soil to the groundwater. 
Minimum permeability values indicated by USDA for the upper six feet of soil 
in the old ARKLA Plant area vary from 0.2 to 0.6 inches per hour.

An AEHA Water Quality Geohydrologic Consultation, number 24-004-74, 
mentions a mean velocity of 25 feet per year for horizontal movement in the 
shallow water table. This velocity, referred to also under Subsurface Water 
Quality, was based on a single estimate.

A hydrogeologic sampling program currently being conducted at PBA by the 
Waterways Experiment Station should yield more information on this subject. 
See Appendix Q.

I. Environmental Indications

1. Land Indicators

Several closed disposal sites do not have an adequate thickness of 
final cover. In some cases water has infiltrated and exposed refuse, 
producing numerous leachate springs around these sites. One of the leachate 
springs is located at the foot of an abandoned landfill area northeast of 
the white phosphorus settling basins. There are uncrushed barrels and 
glass jars lying exposed on the surface. The spring is surrounded by a 
growth of cattails. A reddish-colored leachate has filtered downslope from 
the spring. No vegetation grows where the red leachate has flowed. See 
Appendix K.

2. Waterways Indicators

Results of aquatic surveys at PBA have shown that fauna lists for 
parts of Triplett Creek are restricted to a few species which are tolerant 
of the identified pollutants (DDT, arsenic, lead, and thiodiglycol).
Triplett Creek receives drainage from old chemical sites, toxic waste burial 
sites, and an old industrial landfill.

An Edgewood Arsenal Technical Report, number EO-TR-76077, "Effects of 
Elemental Phosphorus on the Biota of Yellow Lake," indicates that elemental 
phosphorus concentrations could be used to predict species diversity. This 
diversity was highly correlated with the abundance of a macroinvertebrate 
(Limnodrilus hoffmeisteri). This relationship could be further distinguished 
as elemental phosphorus concentrations which are toxic, inhibitory, or 
stimulating to certain species. See Appendixes R and S.
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III. FINDINGS

A. Pine Bluff Arsenal is contaminated with hazardous wastes resulting 
from various operations conducted at the Arsenal from 1942 to the present 
both by government agencies and by industrial concerns that leased portions 
of the facility. Potential contaminants identified from the search of 
records are DDT, arsenic, white phosphorus, barium, zinc, mustard, BZ, riot 
control agents, pyrotechnic materials, and industrial wastes with their 
associated breakdown products.

B. Sterilized biological waste was disced into the soil in a field 
on the property deeded to the National Center for Toxicological Research 
(NCTR). The buildings presently used by NCTR were formerly the facilities 
of the Directorate of Biological Operations (DBO) at PBA.

C. Many test areas at PBA may contain unexploded ordnance (UXO). The 
UXO potentially consists of high explosive rounds, mustard rounds, pyro
technic munitions (WP, HC, smoke, colored signals), and riot control 
devices (CS and CN).

D. Radiological materials were not developed, manufactured, stored, 
tested, or disposed of at the installation.

E. Lethal chemical agents (mustard and lewisite) were manufactured at 
PBA and mustard agent is presently stored at the Toxic Storage Yard (TSY). 
Other items in storage at the TSY include War Gas Identification Sets, riot 
control agents, decontaminants and FS. GB and VX are stored in igloos in 
the ammunition storage area. BZ is stored in three igloos in the aimunition 
storage area.

F. Groundwater and the subsurface soil is contaminated in many areas of 
the installation. Thirty-two sites within the boundary were evaluated by 
sampling and analyzing for DDT, sodium, barium, arsenic, mercury, lead, zinc, 
mustard, lewisite, CS, CN, DM, dyes, hexachloroethane, and white phosphorus. 
Twenty-nine of the sites had at least two or more contaminants at concen
trations in excess of critical threshold values established by a team of 
scientists at the Chemical Systems Laboratory.
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IV. CONCLUSION

Current known areas of contamination were substantiated and additional 
suspected areas were located and documented. PBA personnel were advised 
of the suspected areas during the Team's exit briefing.
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V. RECONWENDATION
The preliminary surveys presently being conducted at PBA should continue 

because there is a strong potential of contaminant migration.
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APPENDIX C

STANDING OPERATING PROCEDURE NUMBER 74-15 

OPERATION OF SOUTH AREA WATER TREATMENT PLANT 

PINE BLUFF ARSENAL

A copy of this report can be obtained from;
Department of the Army 
Headquarters, Pine Bluff Arsenal 
Pine Bluff, Arkansas 71601
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BORING LOGS
WATER QUALITY MONITORING WELLS 

PINE BLUFF ARSENAL

Test Numbers 1 and 2
NOTE; Wells 1 and 2 were drilled to 135 and 100 feet respectively 

without evidence of water. They were abandoned as dry holes

Test Number 3, 9 May 1967

Elev > 
From

Inches
To Description

0 27 Fill and silty clay
27 46 White clay
47 79 Blue clay
79 84 Brown clay
84 91 Fine sandy clay
91 178 Clay

178 200 Sandy clay
200 216 Clay
216 217 Rock
217 303 Clay
303 304 Rock
304 321 Clay
321 322 Rock
322 336 Shale
336 337 Rock
337 425 Shale
425 447 Sandy shale
447 457 Shale
457 464 Sandy shale
464 570 Shale
570 640 Fine sandy shale
640 685 Fine sand
685 Break In formation

' -1
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Test Number 4, 24 May 1967

Elev - 
From

Inches
To Description

0 23 White sandy clay
23 43 Red sandy clay
43 51 Fine silty sand
51 60 Fine sand
60 68 Coarse sand
68 73 Fine sand
73 81 Coarse sand

Test Number 5, 7 April 1967

Elev - Inches-
From To Description

0 13 Soil and clay
13 23 Fine sand
23 55 Sandy clay
55 63 Fine sand
63 80 Coarse sand
80 Blue clay

Test Number 6, 6 April 1967

Elev - Inches
From To Description

0 13 Fill and clay
13 20 Fine sand
20 39 Medium sand
39 51 Muddy sand and clay
51 62 Fine sand
62 76 Medium sand
76 Blue clay

D-3



Test Number 7, 10 April 1967

Elev - 
From

Inches
To Description

0 16 Soil and clay
16 32 Fine sandy clay
32 65 Fine sand
65 87 Coarse sand

Test Number 8, 11 April 1967

Elev - Inches
From To Description

0 37 Soil and sandy cl«y
37 42 Fine sand
42 68 Coarse sand

Test Number 9. 17 April 1967

Elev - Inches
From To Description

0 14 Soil and clay
14 22 White sand
22 38 Red sandy clay
38 51 Medium sand
51 62 Coarse sand

D-4
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Test Number 10, 18 April 1967

.1

Elev - 
From

Inches
To Description

0 33 Sandy clay
33 48 Medium sand
48 64 Coarse sand

Test Number 11, 18 April 1967

Elev - Inches
From To Description

0 10 Clay
10 18 White sand
18 31 Sandy clay
31 48 Fine sand
48 64 Coarse sand

Test Nunter 12, 19 April 1967

Elev - Inches
From To Description

0 18 Clay
18 21 White sandy clay
21 35 Clay
35 51 Fine sand
51 66 Coarse sand

D-5



Test Number 13, 20 April 1967

-5,
'‘<1

%

Elev - 
From

Inches
To Description

0 59 Clay
59 76 Coarse sand

Test Number 14, 20 April 1967

Elev - Inches
From To Description

0 10 Clay
10 13 Red sand
13 33 Clay
33 55 Red sand
55 70 Coarse sand

Test Number 15, 21 April 1967

Elev - Inches
From To Description

0 14 Clay
14 18 White sand
18 33 Sandy clay
33 51 Red sand
51 71 Coarse sand

^1' \
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Test Number 16, 24 April 1967

Elev - 
From

Inches
To Description

0 7 Clay
7 17 Sandy clay

17 23 Fine sand
23 35 Sandy clay
35 55 Fine sand
55 72 Coarse sand

Test Number 17, 28 April 1967

Elev - Inches
From To Description

0 42 Clay
42 60 Fine sand
60 77 Coarse sand

D-7



Deep Well Number 2

1
i

Elev - 
From

Feet
To Description

0 10 Hard pan
10 30 Sand
30 50 Clay
50 94 Coarse sand
94 100 Clay

100 175 Sandy shale
175 205 Tough shale
205 225 Sandy shale
225 248 Tough shale
248 258 Sandy shale
258 285 Fine sand, streaks of shale
285 286 Rock
286 292 Sandy shale
292 301 Shale
301 316 Sandy shale
316 348 Tough shale
348 352 Hard spot
352 362 Sandy shale
362 366 Tough shale
366 367 Rock
367 370 Tough shale
370 372 Rock
372 382 Shale and boulders
382 383 Rock
383 390 Shale
390 440 Tough shale
440 479 Sandy shale
479 485 Shale
485 536 Sandy shale
536 554 Tough shale
554 564 Fine sand
564 565 Rock
565 574 Sandy shale
574 576 Hard spot
576 597 Shale
597 602 Fine sand
602 603 Rock
603 628 Tough shale
628 647 Fine sand
647 755 Tough shale
755 756 Rock
756 783 Sand with streak of sand
783 807 Fine sand
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Deep Well Number 2 (continued)

Elev
From

- Feet
To Description

807 814 Tough shale
814 827 Fine sand, streaks of shale
827 837 Fine hard sand
837 841 Tough shale
841 855 Sandy shale
855 857 Rock
857 861 Shale
861 863 Shale and boulders
863 895 Sandy shale
895 905 Tough gumbo
905 915 Fine sand, salt and pepper
915 937 Fine sand, salt and pepper
937 981 Fine salt and pepper sand
981 998 Medium salt and pepper sand
998 1001 Break

1001 1004 Sand
1004 1007 Break, lignite
1007 1026 Medium salt and pepper sand
1026 1028 Break, lignite
1028 1040 Medium salt and pepper sand
1040 1062 Tough shale
1062 1065 Fine sand
1065 1070 Shale
1070 1076 Fine sand
1076 1084 Tough shale
1084 1087 Sandy shale
1087 1104 Fine sand
1104 1136 Coarse, deep, salt and pepper sand
1136 1144 Tough gumbo
1144 1170 Real fine, hard packed sand
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BORING LOGS 
DEEP WELLS 

PINE BLUFF ARSENAL

Deep Well Number 1

"• '1

Elev - 
From

Feet
To Description

0 7 Soil
7 95 Sand

95 140 Shale
140 185 Sandy shale
185 255 Sand
255 272 Hard sandy shale
272 273 Rock
273 350 Sandy shale
350 378 Shale (with boulders)
378 428 Sandy shale
428 450 Shale
450 459 Shale with streaks of sand
459 461 Rock
461 487 Tough shale
487 570 Sandy shale
570 588 Tough shale
588 596 Sand
596 618 Shale with streaks of sand
618 675 Shale
675 737 Tough shale
737 743 Sand
743 761 Shale
761 765 Fine sand
765 767 Tough shale
767 773 Fine sand
773 779 Tough shale
779 799 Fine sand
799 804 Hard shale
804 814 Fine sand
814 817 Hard shale
817 847 Sandy shale with streaks of sand
847 848 Break
848 870 Shale with streaks of sand
870 890 Fine sand with hard streaks
890 897 Tough gumbo
897 939 Fine hard sand
939 980 Fine hard sand
980 1070 Hard salt and pepper sand

1070 Sand
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Deep Well Number 3

Elev - 
From

Feet
To Description

0 2 Soil
2 26 Sandy soil

26 38 Coarse brown sand
38 74 Fine red sand
74 94 Coarse red sand
94 198 Fine muddy sand

198 226 Shale
226 234 Fine sand
234 258 Sandy shale
258 276 Fine muddy sand
276 277 Boulders111 286 Fine muddy sand
286 287 Boulders
287 292 Fine hard sand
292 323 Soft gumny shale
323 324 Hard rock
324 349 Shale
349 363 Shale with hard streaks
363 365 Rock
365 370 Shale
370 428 Sandy shale
428 438 Shale with streak of sand
438 461 Fine sand
461 466 Shale with streak of sand
466 516 Soft shale
516 530 Fine sand
530 539 Sandy shale
539 557 Fine sand
557 558 Rock
558 593 Sand and shale
593 594 Rock
594 616 Sand and shale
616 638 Fine sand
638 673 Shale
673 675 Rock
675 719 Tough shale
719 720 Rock
720 733 Tough shale
733 734 Rock
734 764 Tough shale
764 785 Fine salt and pepper sand

D-n
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Deep Wen Number 3 (continued)

Elev
From

- Feet
To Description

785 813 Coarse, deep salt and pepper sand
813 817 Break, sandy shale
817 818 Boulders
818 825 Fine sand
825 829 Sand
829 832 Break
832 991 Good salt and pepper sand
991 993 Break, shale
993 1008 Good sand

1008 1023 Sand, mixed about half and half lignite
1023 1047 Shale, lignite, streak sand
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Deep Well Number 14

>%■ T

Elev - 
From

Feet
To Description

0 25 Sandy clay
25 31 Soap stone
31 65 Real fine sand
65 160 Sandy shale

160 161 Rock
161 209 Shale
209 210 Rock
210 223 Shale
223 224 Rock
224 255 Shale
255 256 Rock
256 321 Sandy shale
321 360 Shale
360 445 Sandy shale
445 446 Rock
446 460 Sandy shale
460 485 Gumbo
485 613 Shale
613 712 Medium coarse sand
712 716 Sandy shale
716 751 Real fine hard packed sand
751 754 Break
754 806 Medium sand
806 835 Gumbo and boulders
835 836 Rock
836 855 Gumbo
855 883 Sandy shale
883 953 Medium coarse sand
953 989 Shale and gumbo
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Deep Well Number 15

Elev - 
From

Feet
To Description

0 26 Sandy clay
26 100 Soft shale

100 172 Sandy shale
172 173 Rock
173 220 Shale
220 252 Gumbo
252 253 Rock
253 260 Sandy shale
260 261 Rock
261 271 Shale
271 272 Rock
272 315 Shale
315 360 Sandy shale
360 430 Shale
430 467 Sandy shale
467 468 Rock
468 604 Hard shale
604 605 Rock
605 626 Shale
626 627 Rock
627 688 Gumbo
688 692 Sand
692 694 Break
694 722 Hard salt and pepper sand
722 735 Real fine hard sand
735 767 Hard medium salt and pepper sand
767 769 Break
769 795 Hard medium salt and pepper sand
795 822 Gumbo
822 824 Boulders
824 838 Shale
838 852 Real fine sand
852 854 Break
854 876 Sand streaked with shale
876 1016 Good medium salt and pepper sand

1016 Gumbo
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Deep Well Number 16

Elev
From

- Feet
To Oescrlption

0 60 Sandy clay
60 68 Real fine sand
68 170 Gumbo

170 171 Rock
171 248 Gumbo
248 249 Rock
249 255 Gumbo
255 258 Boulders
258 274 Gumbo
274 275 Rock
275 287 Shale
287 288 Rock
288 376 Shale
376 400 Fine sand
400 444 Shale
444 445 Rock
445 498 Shale
498 545 Sandy shale
545 608 Gumbo
608 609 Rock
609 695 Gumbo
695 710 Sandy shale
710 750 Fine sand
750 753 Shale
753 794 Fine hard sand
794 855 Sandy shale
855 869 Fine sand
869 885 Sandy shale
885 987 Fine hard sand
987 989 Break
989 1048 Fine salt and pepper sand

Stopped 1n Gumbo

V
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Deep Well Number 17

Elev - 
From

Feet
To Description

0 8 Sandy clay
8 30 Clay

30 33 Sand
33 68 Clay
68 73 Sand
73 163 Clay

163 168 Fine sand
168 189 Shale
189 200 Shale and boulders
200 242 Shale
242 243 Rock
243 271 Shale
271 294 Shale and boulders
294 301 Shale
301 312 Rock
312 410 Shale
410 423 Medium sand
423 431 Shale
431 445 Sand streaked with shale
445 448 Shale
448 450 Rock
450 469 Hard shale
469 470 Rock
470 587 Hard shale
587 600 Sandy shale
600 617 Shale streaked with sand
617 663 Fine sand streaked with shale
663 704 Shale
704 724 Fine hard sand
724 757 Hard packed medium sand
757 765 Break
765 835 Hard medium packed sand
835 867 Shale
867 936 Real fine, hard sand
936 960 Sandy shale
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Deep Well Number 18

Elev - 
From

Feet
To Description

0 25 Sandy clay
25 31 Hard clay
31 41 Medium sand
41 90 Sandy shale
90 140 Gumbo

140 215 Sandy shale
215 246 Gumbo
246 247 Rock
247 273 Gumbo
273 274 Rock
274 278 Gumbo
278 279 Rock
279 302 Shale
302 303 Rock
303 390 Shale
390 391 Rock
391 448 Shale
448 449 Rock
449 525 Sandy shale
525 586 Hard shale
586 587 Rock
587 669 Hard shale
669 696 Sandy shale
696 779 Medium sand
779 785 Break
785 813 Medium sand
813 814 Break
814 832 Medium sand
832 872 Shale
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FAUNA AND FLORA
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BIOTA OF PINE BLUFF ARSENAL AREA

FAUNA
Manmals

Conmon Name
Carolina short-tailed shrew 

Coyote
Mississippi Valley red wolf
Beaver
Least shrew
Nine banded armadillo
Virginia opossum
Oklahoma pocket gopher
Flying squirrel
Northern red bat
Bobcat
Striped skunk 

Pine vole 

House mouse 

Missouri weasel 

Large brown mink 

Whitetail deer 

Muskrat

Texas rice rat 

Cotton mouse
Southern white-footed mouse

Scientific Name

Blarina brevicauda carolinensis

Canis latrans

Can is niger gregori

Castor canadensis

Cryptotis parva

Dasypus Novemeinctus

Didelphis marsupialis virginiana

Geomys bursarius dutcheri

Glaucorys volans

Lasiurus borealis borealis

Lynx rufus

Mephitis mephitis
Microtus pinetorum
Mus musculus
Mustela frenata primulina
Mustel a vison mink
Odocoileus virginianus
Ondatra zibethicus
Oryzotnys palustris texensis
Peromyscus gossypinus megacephalus
Peromyscus leucopus leucopus
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Conmon Name

Mammals (continued)

Scientific Name
Deer mouse Peroinyscus maniculatus
Golden mouse Perornyscus nuttalll flammeus
Raccoon Procyon lotor
Norway rat Rattus norvegicus
Harvest mouse Relthroden tormys fulvescens
Arkansas mole Seal opus aquaticus pulcher
Gray squirrel Sclurus carolInensis carolInensis
Fox squirrel Sclurus nlger rufiventer
Hispid cotton rat Sigmodon hispidus hispidus
Eastern spotted skunk Spllogale putorlus
Swamp rabbit Sylvilagus aquaticus
Cottontail rabbit Sylvilagus florldanus alacer
Wisconsin gray fox Urocyon cinereoargenteus ocythous
Red fox Vulpes fulva

Cooper's hawk
Birds

Accipiter cooper1
Sharp-shinned hawk Accipiter strlatus
Spotted sandpiper Actitls macularla
Red wing Agelalus phoeniceus
Wood duck Alx sponsa
Pintail Anas acuta
Blue-winged teal Anas discors
Mallard Anas platyrhynchos
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Common Name 

Black duck 

Water pipit

Ruby-throated hummingbird

Great blue heron

Lesser scaup

Ring-necked duck

Cedar waxwing

Canada goose

Great homed owl

Red-tailed hawk

Red-shouldered hawk

Broad-winged hawk

Wilson's snipe

Chuck-Will's widow

Whip-Poor-Will

Purple finch

American egret

Turkey vulture

Red-bellied woodpecker

Brown creeper

Chimney swift

Blue goose

Snow goose

Black tern

Birds (continued)

Scientific Name 

Anas rubripes 

Anthus spinoletta 

Archilocus colubris 

Ardea herodias 

Aythya affinis 

Aythya collaris 

Bombycilla cedrorum 

Branta canadensis 

Bubo virginianus 

Buteo jamaicensis 

Buteo lineatus 

Buteo platypterus 

Capella gallinago 

Caprimulgus carolinensis 

Caprimulgus vociferus 

Carpodacus purpureus 

Casmerodius albus 

Cathartes aura 

Centurus carolinus 

Certhia familiaris 

Chaetura pelagica 

Chen caerulescens 

Chen hyperfaorea 

Chlidonias niger
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Conwon Name

Nighthawk 

Marsh hawk 

Yenow-billed cuckoo 

Flicker

Bob-white quail 

Eastern wood pewee 

Black vulture 

Common crow 

Fish crow 

Blue jay

Red-cockaded woodpecker 

Downy woodpecker 

Hairy woodpecker 

Bay-breasted warbler 

Cerulean warbler 

Yellow-rumped warbler 

Prairie warbler 

Yellow-throated warbler 

Blackburnian warbler 

Magnolia warbler 

Chestnut-sided warbler 

Yellow warbler 

Pine warbler 

Black-poll warbler

Birds (continued)

Scientific Name 

Chordelles minor 

Circus cyaneus 

Coccyzus americanus 

Colaptes auratus 

Collnus virginlanus 

Contopus Virens 

Coragyps atratus 

Corvus brachyrhynchos 

Corvus ossifragus 

Cyanoeitta cristata 

Dendrocopes borealis 

Dendrocopes pubescens 

Dendrocopes vlllosus 

Dendroica castanea 

Dendroica cerulea 

Dendroica coronata 

Dendroica discolor 

Dendroica dominloa 

Dendroica fusca 

Dendroica magnolia 

Dendroica pennsylvanica 

Dendroica petechia 

Dendroica pinus 

Dendroica striata 
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Common Name

Black-throated green warbler 

Pileated woodpecker 

Catbird

Least flycatcher 

Acadian flycatcher 

Rusty blackbird 

Duck hawk 

Kestrel

Little blue heron 

Coot

Yellow-throat 

Blue grosbeak 

Bald eagle 

Worm-eating warbler 

Caspian tern 

Veery

Hermit thrush 

Gray-cheeked thrush 

Wood thrush 

Olive-backed thrush 

Yellow-breasted chat 

Northern oriole 

Orchard oriole 

Slate-colored junco

Birds (continued)

Scientific Name 

Dendroica virens 

Dryocopus pileatus 

Dumetella carolinensis 

Empidonax minimum 

Empidonax virescens 

Euphagus carolinus 

Falco peregrinus 

Falco sparverius 

Florida caerulea 

Fulica americana 

Geothlypis trichas 

Guiraca caerulea 

Haliacetus leucocephalus 

Helmitheros vermivorus 

Hydroprogne caspia 

Hylocichi a fuscescens 

Hylocichla guttata 

Hylocichla minima 

Hylocichla mustelina 

Hylocichla ustulata 

Icteria virens 

Icturus glabula 

Icturus spurius 

Junco hyemalis
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Common Name 

Loggerhead shrike 

Ring-billed gull 

Belted kingfisher 

Red-headed woodpecker 

Turkey

Swamp sparrow 

Lincoln's sparrow 

Song sparrow 

Mockingbird

Black and white warbler 

Cowbird, abundant 

Crested flycatcher 

Kentucky warbler 

Screech owl 

Osprey

Parula warbler 

Tufted titmouse 

Carolina chickadee 

English sparrow 

Savannah sparrow 

Fox sparrow 

Leconte's sparrow 

Hens low's sparrow 

Indigo bunting

Birds (continued)

Scientific Name 

Lanlus ludoviclanus 

Larus delawarensis 

Megaceryle alcyon 

Melanerpes erythrocephalus 

Meleagris gallopavo 

Melosplza georglana 

Melosplza lincolnll 

Melosplza melodia 

Mimus polyglottos 

Mnlotilta verla 

Molothrus ater 

Myiarchus crinitus 

Oporomis formosus 

Otus asio 

Pandlon hallaetus 

Parula americana 

Parus bicolor 

Parus carolInensIs 

Passer domesticus 

Passerculus sandwichensis 

Passerella lllaca 

Passerherbulus caudactus 

Passerherbulus henslowl 

Passerhirina cyanea
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Common Name 

White pelican 

Double-crested carmorant 

Rose-breasted grosbeak 

Woodcock 

Red-eyed towhee 

Summer tanager 

Pied-billed grebe 

Blue-gray gnatcatcher 

Purple martin 

Prothonotary warbler 

Common grackle 

Ruby-crowned kinglet 

Golden-crowned kinglet 

Cardinal 

Eastern phoebe 

Ovenbird

Louisiana water-thrush 

American redstart 

Eastern bluebird 

White-breasted nuthatch 

Yellow-bellied sapsucker 

Pine siskin 

Goldfinch 

Chipping sparrow

Birds (continued)

Scientific Name 

Pelecanus erythrorhynchos 

Phalacrocorax auritus 

Pheuticus ludovicianus 

Philohela minor 

Pipilo erythrophthalmus 

Piranga rubra 

Polilymbus podiceps 

Polipptila caerulea 

Progne subis 

Protonotaria citrea 

Quiscalus quiscula 

Regulus calendula 

Regulus satrapa 

Richmondena cardinal is 

Sayomis phoebe 

Seiurus aurocapillus 

Seiurus motacilla 

Setophaga ruticilla 

Sialia sialis 

Sitta corolinensis 

Sphyrapicus varius 

Spinus pinus 

Spinus tristis 

Spizella passerina
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Common Name 

Field sparrow, common 

Rough-winged swallow 

Barred owl 

Eastern meadowlark 

Starling 

Bewick's wren 

Carolina wren 

Brown thrasher 

Solitary sandpiper 

Winter wren 

Robin

Eastern kingbird 

Orange-crowned warbler 

Golden-winged warbler 

Tennessee warbler 

Nashville warbler 

Ye How-throated vireo 

Warbling vireo 

White-eyed vireo 

Red-eyed vireo 

Solitary vireo 

Canada warbler 

Hooded warbler 

Wilson's warbler

Birds (continued)

Scientific Name 

Splzella pusllla 

Stelgidopteryx ruflcolHs 

Strix varia 

Stumella magna 

Sturnus vulgaris 

Thyrotnanes bewickll 

Thyrothorus lucoviclanus 

Toxostoma rufum 

Tringo solltarla 

Toglodytes troglodytes 

Turdus migratorlus 

Tyrannus tyrannus 

Vermivora celata 

Vermivora chrysoptera 

Vermivora peregrina 

Vermivora ruficapllla 

Vireo flavifrons 

Vireo gllvus 

Vireo griseus 

Vireo oHvaceus 

Vireo solltarlus 

Wllsonia canadensis 

Wllsonia citrina 

Wllsonia pusllla
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Common Name

Birds (continued)

Scientific Name

Mourning dove Zenaidura macroura

White-throated sparrow Zonotrichia albicollis

White-crowned sparrow Zonotrichia leocophrys

Fish

(1) Species found in ponds and lakes on the Arsenal

Drum Aplodinotus grunniens

Warmouth Chaenobryttus gulosus

Carp Cyprinus carpio

Chain pickerel Esox niger

Yellow bullhead Ictalurus natalis

Channel catfish Ictalurus punctatus

Shortnose gar Lepisosteus platostomus

Yellowbelly sunfish Lepomis auritus

Green sunfish Lepomis cyanellus

Pumpkinseed sunfish Lepomis gibbosus

Bluegill sunfish Lepomis macrochirus

Longear sunfish Lepomis megalotis

Redear sunfish Leopmis microlophus

Largemouth bass Micropterus salmoides

Paddlefish Polydon spathula
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Fish (continued)
(2) Species found only in the Arkansas River, bordering 
the Arsenal, and in Yellow Lake, which is occasionally 
completely inundated by the Arkansas River floodwaters
Common Name Scientific Name

Gizzard shad Dorosoma cepedianum
Blue catfish Ictalurus furcatus
Black bullhead Ictalurus melas
Brown bullhead Ictalurus nebulosus
Smallmouth buffalo Ictiobus bubal us
Bigmouth buffalo Ictiobus cyprinellus
Black buffalo Ictiobus niger
Alligator gar Lepisosteus spatula
Spotted bass Micropterus punctulatus
White crappie Pomoxis annularis
Black crappie Pomoxis nigromaculatus
Flathead catfish Pylodictis olivaris
Shovelnose sturgeon Schaphirhynchus platorynchus

Southern copperhead 

Cottonmouth 

Wormsnake 

Scarlet snake 

Black racer 

Timber rattlesnake

Reptiles and Amphibians 

Snakes
Agkistrodon contortrix contortrix 

Agkistrodon piscivorus 

Carphophis amoenus 

Cemophora coccinea 

Colubar contrictor 

Crotalus horridus

- -j
E-11



Conmon Name

Southern r1ng-necked snake 

Black rat snake 

Mud snake 

Rough earthsnake 

Smooth earthsnake 

Eastern hog-nosed snake 

Priarie kingsnake 

Speckled kingsnake 

Eastern coachwhip 

Red-bellied watersnake 

Yellow-bellied watersnake 

Diamond-backed watersnake 

Northern watersnake 

Rough greensnake 

Pigmy rattlesnake 

Northern brownsnake 

Red-bellied snake 

Eastern gartersnake 

Eastern ribbonsnake

Snapping turtle 

Southern painted turtle 

Map turtle 

False map turtle

Snakes (continued)

Scientific Name 

Diadophis punctatus punctatus 

Elaphe obsoleta obsoleta 

Farancia abacura 

Haldea striatula 

Haldea Valeria 

Heterodon platyrhinos 

Lampropeltis calligaster 

Lampropeltis getulus holbrooki 

Masticophis flagellum 

Natrix erythrogaster erythrogaster 

Natrix erythrogaster flavigaster 

Natrix rhombifera rhombifera rhombifera 

Natrix sipedon sipedon 

Opheodrys aestivus 

Sistrums miliarius 

Storeria dekayi 

Storeria occipitomaculata 

Thamnophis sirtailis sirtalis 

Thamnophis sauritus

Turtles

Chelydra serpentina 

Chrysemys pi eta dorsalis 

Graptemys geographica 

Graptemys pseudogeographica
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Turtles (continued)

Coinnon Name

Mudturtle

Alligator snapping turtle 

Cooter

Red-eared turtle

Stinkpot

Box turtle

Smooth softshell turtle

Scientific Nane 

Kinosternon subrubrum 

Macrocleinys temmincki 

Pseudenys floridana concinna 

Pseudemys scripta elegans 

Stemotherus odoratus 

Terrapene Carolina 

Trionyx muticus

Lizards
Six-lined racerunner 

Five-line skink 

Broad-headed skink 

Ground skink 

Slender glass lizard 

Eastern fence lizard

Cnemidophorus sexlineatus 

Eumeces faslatus 

Eumeces laticeps 

Lygosoma laterale 

Ophisaurus attenuatus 

Sceloporus undulatus

Spotted salamander 

Marbled salamander 

Small-mouthed salamander 

Dusky salamander 

Central newt 

Mudpuppy

Slitny salamander

Salamanders
Ambystoma maculatum 

Ambystoma opacum 

Ambystoma texanum 

Desmognathus fuscus 

Diemictylus viridescens 

Necturus maculosus 

Plethodon glutinosus

E-13



} ~ !
//

Common Name

Lesser siren

Salamanders (continued)

Scientific Name 

Siren intermedia

American toad 

Dwarf American toad 

Woodhouse's toad 

Green tree frog 

Spring peeper 

Gray tree frog 

Bullfrog 

Pickerel frog 

Leopard frog

Toads and Frogs
Bufo terrestris
Bufo americanus charlesmithi
Bufo woodhousei
Hyla cinerea
Hyla crucifer
Hyla versicolor
Rana catesbeiana
Rana palustris
Rana pipiens
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FAUNA (continued)
Invertebrate taxa collected In streams on the Arsenal 

from July 1973 through November 1974
Arthropoda

Insecta
Coleoptera (beetles)

Dytlscidae (predaceous diving beetles)
Hydroporus sp.

Diptera (true flies)
Ceratopogonidae (biting midges)

Palpomyla spp.
Cullcldaes chaoborinae (phantom midges)

ChaobPrus punctipennis 

Chlronomidae (midges)
Anatopynia sp. 1 (nr)*
Calopsectra sp.
Chlronomus modestus 

Chironomus r1pari us (nr)
ClInotanypus thoracicus (nr)
Glyptotendipes senilis 

Hydrobaenus sp. 2 

Pentaneura camea (nr)

Pentaneura monllls

*(nr) Indicates that Identification Is considered to be near this species; 
however, the description of the species Itself may Include several taxa.
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Insecta (continued) 
Chironomidae (midges) (continued) 

Polypedilum halterale (nr) 

Polypedilum illinoense 

Prodadius adumbratus (nr) 

Prodadius culiciformis 

Psectrocladius flavus 

Tanypus neopunctipennis 

Simullidae (black flies)
Simulium vittatum 

Tipulidae (crane flies)
Chrysops sp.
Tipula spp.

Ephemeroptera (mayflies)
Baetidae

Caenis spp.
Neocloeon alamance 

Ephemeridae
Hexaqenia 1imbata 

Heptageniidae
Stenonema tripunctatum

Hemiptera (true bugs)
Belostomatidae (giant water bugs) 

Belastoma sp.
Odonata

Anisoptera (dragonflies)
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Insecta (continued)
Odonata (continued)

Calopterygidae
Calopteryx maculata 

Cordulegasteridae 

Cordulegaster sp.
(^Ibellulidae

Celithemis eponina 

Erythemis slmpUca 

Erythemis simpHconis 

Erythrodiplax mlnuscula 

LlbelluTa spp.
Li bellu1a luctuosa 

Libellula vibrans 

Macromla magnifica 

Pachydiplax longipennis 

Pantala flavescens 

Pantala hymenea 

Plathemis sp.
PIathemis lydia 

Perithemis tenera 

Tetraqoneuria cynosura 

Coenagrionidae (damselflies) 

Anomalagron hastatum 

Argia spp.
Argia apical Is
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Insecta (continued)

Coenagrionidae (damselflies) (continued) 

Argia fumipennis 

Argia moesta 

Coenagrion spp.

Enallagma basidens 

Enallaqma civile 

Enallagma cyathigerum 

Enallagma divagans 

Enallagma si gnaturn 

Ischnura ramburii 

Plecoptera (stoneflies)

Perlidae

Perlesta spp.

Nemouridae
Nemoura spp.

Trichoptera (caddisflies)
Hydropsychidae 

Potamyia flava 

Lepidoptera (aquatic moths)
Pyralidae unknown

Crustacea
Isopoda (aquatic sow bugs) 

Asellidae
Asellus obtusus
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Crustacea (continued) 

Asellidae (continued)
Asellus dentadactylus 

Amphipoda (side swimmers, scuds)

Gammaridae
Synurella bifurca 

Hyalellidae
Hyalella azteca

Decapoda
Palaemonidae (grass shrimp)

Palaemonetes kadiakensis 

Astacidae (crayfish)
Oronectes palmeri longimanus 

Procambarus ouachitae 

Procambarus clarkii
Procambarus immatures

Annelida
Oligochaeta
Tubificidae (sludge worms) 

Limnodrilus hoffmeisteri
Stylaria fossularis 

Hirudinea (leeches) 
Glossiphonidae

PIacobdella parasitica 

Piscicolidae
Piscicol a sp.
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Mollusca
Pelecypoda (clams)

Sphaerildae (finger nail clams) 

Sphaerlum transversum
Gastropoda (snails)

Physidae (pouch snails)

Physa spp.
Lymnaeldae (pond snails)

Limnaea spp.

Ancylldae (limpets)

Fejxil^sp.

Planorbldae (orb snails)

Gyraulus sp.

PIatyhelminthes
Turbellarla (flat worms)

Planarlldae (planarla)
Dugesla tigrina
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FLORA

Trees

Common Name Scientific Name
Box elder Acer negundo
Red maple Acer rubrum
Silver maple Acer saccharinum
River birch Betula nigra
Hophombeam Carpinus carolIni ana
Pecan Carya llllnoensis
Black hickory Carya texana arkansas
Mokemut hickory Carya ton*n.tosa
Chinquapin Castanea pumlla
Hackberry Celtls laevigata
Dogwood Cornus florlda
Persimmon Diospyros virginlana
White ash Fraxinus americana
Green ash Fraxinus pennsylvanica
American holly Ilex opaca
Sweet gum Liquidambar stryaciflua
Black gum Nyssa sylvatica
Shortleaf pine Pinus echinata
Loblolly pine Pinus taeda
Sycamore Platanus occidentalIs
Cottonwood Populus deltoldes
White oak Quercus alba
Red oak Quercus falcata
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Common Name
Water oak 

Willow oak 

Post oak 

Black willow

Trees (continued)

Scientific Name 

Quercus nigra 

Quercus phellos 

Quercus stellata 

Sallx nigra

Shrubs
7'

Buckeye Aesculus discolor
Hawthorn Crataegus virldls
Dwarf huckleberry. Gaylussacia dumosa
Eastem redcedar Juniperus virginiana
Honeysuckle Lonicera spp.

' Wlldplum Prunus angustifola
Shining sumac Rhus copal Una
Poison Ivy Rhus radicans
Blackberry Rubus spp.
Dewberry Rubus spp.
Greenbrier Smilax spp.
Winter huckleberry Vaccinlum aboreom

; Grape Vltls spp.

Grasses
Fescue grass Bromus catharticus
Smooth brome Bromus Inermis
Bermuda grass Cynodon dactyl on
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Common Name

Grasses (continued)

Scientific Name

Orchard grass Dactyl Is glomerate

Barnyard grass Exhinochloa crusgalll

Rye grass LoHum multiflorum

Blue panic Pan1 cum antodotale

Torpedo grass Panicum repens

Dal11s grass Paspal urn malacophyllum

Field pasnalum Paspalum laeve

Ribbed paspal urn Paspalum malacophyllum

Vasey grass Paspalum urvillel

Yellow bristlegrass Setarla glauca

Johnson grass Sorghum halepense

Sorghum Sorghum vulgare

Singletary pea

Legumes

Lathyrus hirsutus

Sericea lespedeza Lespedza cuneata

Korean lespedeza Lespedeza stipulacea

Kobe lespedeza Lespedeza striata

Spotted bur-clover Medicage arabica

Little bur-clover Medicago minima

Alfalfa Medicago sativa

Alsika clover Trifoil urn hybrldum

Crimson clover Trifolium Incarnatum

Ball clover Trifoilurn nigrescens
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Common Name
Red clover 

White clover 

Voollypod vetch 

Hungarian vetch 

Common vetch 

Hairy vetch

Legumes (continued)

Scientific Name 

Trifolium pratense 

Trifolium repens 

Vicia dasycarpa 

Vicia pannonica 

Vicia sativa 

Vicia villosa

Weeds
Foxtail 
Ragweed 

Partrldgepea 

Ti ckcl over 
Pokeberry 

Smartweed 

Sogo pondweed 

Dandelion

Alopecurus pratensis 

Ambrosia psilostachya 

Chamaecrista fascieulata 

Desmodium sessilifolium 

Phytolacca americana 

Polygonum pensylvanicum 

Potamogeton pectinatus 

Taraxacum officinale
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PREFACE

The work described in this report was authorized under task 2, 
subproject 3, PAA 57X4114, Development of Methods to Minimize Environ- 
mental Contamination, Ecological Surveys of Environmental Conditions at 
USAMC installations. This is a three-phase program; phase 1, Initial 
Site Visit, completed November 1972; phase II, Preliminary Environmental 
Survey, completed January 1973; and phase III, Ecological Surveys, initiated 

In January 1973. Phase III is divided into three separate aquatic surveys:
(1) Pine Bluff Arsenal streams, initiated January 1973, completed July 1974;
(2) Yellow Lake, initiated March 1974, completed JaflUiry 1976, and (3) Pro
duction Area Drainages, initiated January 1975.

The data presented here were gathered during two terrestrial ecological 
surveys of phase III conducted in May and September, 1973.

Reproduction of this document in whole or in part is prohibited except 
with permission of the Commander, Edgewood Arsenal, Attn: SAREA-TS-R, 
Aberdeen Proving Ground, Maryland 21010; however, DDC and the National Tech
nical Information are authorized to reproduce the document for US Government 
purposes.
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I. INTRODUCTION
Pine Bluff Arsenal (PBA), Arkansas, was constructed In 1941 for 

the manufacture, loading, and assembly of magnesium and thermite types 

of Incendiary bombs. The Initial mission was quickly expanded to Include 

the manufacture of war gases and the filling of chemical bombs. Incendiary 

smoke munitions, and other munitions with chemicals such as chlorine, 

mustard, and lewisite. Development of facilities for biological warfare 

operations began In 1953. Through the 1950's the Diamond Alkali and 

Chemical Company used facilities at PBA to make chlorine for use by 

Nlagra Chemical Company (another contractor) which made DDT, malathiea, 
par-atfrlonT'mnd--e^orobens«n«a. Biological warfare activities were discon
tinued In 1969.^

Ecological surveys were Initiated to establish past and present effects 

of Installation activities on the environment, as a baseline against which 

to compare the Impact of a centralized pollution abatement facility 

scheduled for conqtletlon In FY 79. Little Information was found on the 

terrestrial fauna and flora of the site during the preliminary environ
mental survey.^ Therefore these surveys also were designed to expand 

and document a baseline of ecological conditions at PBA.
Problem areas wei'e discovered and reported elsewhere.^ This report 

concerns Itself mainly with the terrestrial survey data and Is not intended 

to be comprehensive; rather the data are published to serve as a baseline 

for environmental assessments and for future ecological comparisons.
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A. Survey Sectors
.Maps were used for each of the surveys which divide the Instal

lation into 23 sectors, the boundaries of which were distinguishable 

on the ground as roadways or prominent stream drainages. (Fig. 1).
An attempt was made not to divide areas comprising major installation 

activities, (such as industrial or administrative areas) but rather, 
to examine these areas as individual sectors. (Table I)
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Figure 1. Survey Sectors at Pine Bluff Arsenal
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TABLE I.
MAJOR INSTALUTION ACTIVITY ON SURVEY SECTORS

SECTOR
1, 2, 4-7, 13, 16. 20. 22. 23 

3

8
9. n. 14 

10 

12 

15
17
18
19, 21

ACTIVITY
Ubodlands managed for timber and recreation
National Center for Toxicological Research and Toxic Chemicals 
storage
Toxic chemicals storage, woodlands 

Munitions storage 

Munitions testing and open burning 

Chemicals manufacturing and storage 

Residential and woodlands 

Administration
Munitions testing, recreation 

Munitions manufacturing and loading

»Mft



The first group of sectors (reference sectors) are largely undisturbed. 

These sectors vere compared with the remaining sectors (experimental sectors) 

which might have been modified by the activities occurring In them.
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II. MSTHODS 

B. Haapialg

Maamals were eurveyed using live-trepe, and by observing them (or 

their signs) while walking through the sectors or while driving along 

Installation roadways.

Six trapllnes were established In May 1973. Two lines (numbers S and 

6) were located In remote areas * and four others were placed In suitable 

habitat near contaminated areas. Three more trapllnes were established In 

Septei^er 1973; numbers 7 and 8 along the Arkansas River floodplain» and 

number 9 in the area of the proposed Central Wastewater Treatment Facility.

(Fig 2).

Trapllnes were set In the early afternoon according to the following 

schedule: lines 1 and 2 on the first of Kay; 1, 2, and 3 on the second;

2, 3, and 4 on the third; 3, 4, and 5 on the fourth; 3, 5, and 6 on the 

fifth; 5 and 6 on the sixth; and line 6 on the seventh. Trapline number 

7 was set on the elthteenth and nineteenth of September; 8 on the nineteenth; 

and 9 on the nineteenth, twentieth, and twenty-first. Aluminum Sherman folding 

live-traps (9x4x3 and 6x4x3 Inches) baited with peanut butter and grain were 

used for small suomaals. and wooden live-traps (24x9x7 Inches) baited with 

peanut butter or canned dog food for larger maaauds. Wire traps were used 

for moles and gophers. The sampling Intensity totaled 573 trap nights (the 

total number of nights Chet all traps^trere set). Each morning, captured 

animals were anesthetlsed with Methoxyflurane*. were Identified^ and sexed. 

their general condition was noted, and they were released at the site of capture. 

*Forestry Suppliers. Inc.. Jackson. Mississippi
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Figure 2. Mamnal Trapping Sites at Pine Bluff Arsenal
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c- Birds
A survey of the birds at PBA v/as conducted during the daylight 

hours, on nine consecutive days fron 30 April to 8 May, 1973. One night 
survey was conducted on 3 May during the twilight and evening hours.
Species were identified from observation and by a distinctive call.^

Both migrants and residents were included in the survey. Identifications 

were made by teams of biologists walking through the sectors, or from 

vehicles stopping periodically along installation roadways. These routes 

were not predefined. Equal effort was not devoted to each sector and 

hence the data are useful only for detecting gross qualitative differences 

in the species composition between sectors.
D. Reptiles and Amphibians

Species of reptiles and amphibians were identified,® and their 

capture location noted, whenever they were encountered (principally by 

overturning logs) during the surveys of other groups. Tadpoles were col
lected in temporary ponds in each sector with a dip net. Species of frogs 

and toads were also recorded v/hen they could be identified by distinctive 

calls.
E. Plants

A list of vascular plants occurring at PBA was compiled by examining 

quadrats (100 square meters each) at various locations on the arsenal 
(Fig. 3). Additional species v/ere included by driving along installation 

roadways and recording those species that had not been previously observed.
/ The nomenclature follows Gray's Manual of Botany.®
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Figure 3. Locations of the Plant Quadrats at Pine Bluff Arsenal
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Several areas were investigated that appeared to have a disturbed 

flora and fauna as the result of land contamination from various indus
trial chemicals.
E. Statistical Analyses

A method of cluster analysis was used in this study to measure 

similarity between sectors. The first step in this method is to calculate 

a matrix of similarity values. Sneath and Sokal^ provide an excellent 

review of many of the similarity values proposed in the literature. For 
our analysis we have chosen the Pinkham-Pearson index of biotic similarity,® 

which allows for comparison of sectors based on species abundance and 

occurrence. The equation for this index is:
k

5.1 E.k 1-1 '*ia’ *1b)

where k is‘the number of different species in the samples and and 

are the number of individuals of the i^^ species in sample a and b, 

respectively.
An important feature of this index is that it allows the user to 

omit matches in which a particular species is absent from both stations 

(zero-zero matches ignored) or to assign them the maximum value (zero-zero 

matches equal one). This allows the user to incorporate or exclude mutual 
absence type data when generating the similarity index depending upon the 

user's Judgement as to the validity of these matches. For example, in a 

set of data in which there are many rare species, there would also be 

numerous spurious mutual absence type matches, therefore, the zero-zero



matches Ignored option would be the one of choice. However, If the rare 

occurrences wore removed from these data for analysis, then mutual absence 

type matches would reflect actual similarity between stations and therefore, 
the “zero-zero matches equal one" option would be preferable.

The second step In cluster analysis Is the actual clustering of the 

resultant similarity values. We have used an unweighted pair-group method 

which generally introduces less distortion Into the clusters. A detailed 

discussion of this method and cluster analysis In general can be found In 

Sneath and Sokal.^

The next step Is to display graphically the results of the cluster 

analysis. Tree-Tike structures‘called dendrograms are constructed for this 

purpose. The scale of similarity Is shown across the top of the dendrogram, 
or tree, which Is arranged with Its "trunk" at the lowest level of similarity. 
The similarity level of any cluster may be determined by drav/ing a vertical 
Tine from the level of branching to the scale.

Generally tv/o dendrograms are created from the same data, one for the 

cluster of surveillance sites and another for the cluster of survey dates.
A cluster of species Is also created when tvra or more species are Involved. 
The original data are rearranged In a matrix with the axes In the order 

Indicated by both dendrograms (double-dendrogram order). This results In 

data points with similar values being arranged together while still 
maintaining the Integrity of the data obtained at the same surveillance 

sites or on the same survey date. Then a vertical line Is drawn In each 

dendrogram which separates logical clusters of surveillance sites, survey 

dates or species.
The choice of the level of similarity at which the vertical line Is drawn

21



Is somewhat arbitrary, althouqh past experience has shown that lines above
a similarity of 0.6, separate groups which usually are not significantly

*.
different.

Furthermore the choice is aided by examining the original data rearranged 

in double-dendrogram order. Lines are drawn through the rearranged data separ 
ating the data into subdivisions corresponding to the clusters in both dendro
grams indicated by the positions of both vertical lines. Various vertical 
lines are attempted until logical subdivisions are Identified. The vertical 
lines need not be drawn at the same degree of similarity throughout the 

dendrogram If more logical subdivisions are Indicated by using two different 
degrees of similarity.

The resulting subdivisions are verified by testing the meaning of each 

subdivision against the means of all other subdivisions.
The last step Is to measure the amount of distortion In the dendrogram 

caused by the cluster method. This is necessary because the clustering method 

Involves averaging of similarity values in'order to-express the multidimenslona 

similarity matrix In a two-dimensional, helrarchic relationship. This Is 

accomplished by computing a correlation coefficient between the original 
similarity values and the ones resulting from the dendrogram.^ The correlation 

coefficient Is a measure of the amount of distortion Introduced by the 

clustering method.
Since strictly quantitative methods were not used In the bird census study, 

the data were rendered semiquantitative, I.e., species weighted as abundant ■ 3 

present but not abundant ■ 1, and absent • 0. Using these values, only those 

species observed In three or more sectors and the "zero-zero matches ignored"

22



option, the matrix of similarity values between sectors v/as calculated.
Statistical tests were conducted using the Student-Nev/man-KeuTs test 

for differences between multiple means, the aposteriori test of the 

homogeneity of replicates of proportions or ratios and the chi-square, 
two-way contingency test for differences between pairs of proportions or

Q
ratios. Unless otherwise noted, statistical tests v/ere performed at the 

0.05 level.
III. RESULTS 

A. lianinal s
A total of 13 species of mammals v/as recorded from 80 observations 

during the two trapping surveys, and from chance Sightings. The signs of 
four more species were found yielding a total of 16 species of mammals 

known to occur at PBA (Table II). The most frequently observed species 

Included the White-Tailed Deer, Cotton Rat, White-Footed Mouse, and the 

Fox Squirrel. There is no statistical difference between the ratios of 
mammals observed in the reference areas over alT sectors.

Results of the mammal trapping survey are presented in Table III. 

Results of tests of significance.on the rates of trapping success are 

presented in Table IV.^ fill areas were low, but the area with the highest 
success, 8, was found to be significantly higher than area 5, with the 

lowest success.



B. Birds
Sightings of 775 birds comprising 68 species, were recorded during the 

survey. These species are listed in Appendix 1, along with the sectors in 

which they were found.
Species encountered five or more times in the same sector during the same 

day were recorded as being abundant in that sector, Fourteen such species 

were found to be abundant in one or more survey sectors. The dendrograms of 
species and sectors are given in Figures 4 and 5. The clusters in the species 

/ dendrogram are based primarily upon habitat preferences: Those birds found in 

cluster A are ones usually found in field margins and fields with bushes. Those 

in B are usually birds of open fields. Those in C ai*4 li&ually birds of open 

woods, while those in D are usually birds of dense woods and wood-field 

ecotones. Lastly cluster E birds are usually found in suburbs and farmlands.
The significance of the clusters of sectors will be discussed shortly.

The original data were rearranged in double dendrogram order (Table V)
and the clusters from the dendrograms were superimposed creating 15 subdivisions.
Table VI presents the results of the tests of these means. Subdivisions 2B- "
2A have significantly lower means than subdivisions 20 - IE, with IB and 3E
qualifying for either group of subdivisions. Table VII illustrates the signif
icance of these findings. With the possible exception of species cluster B, 
all the species in sector cluster 1 were found in significantly high numbers. 
Sector cluster 2 showed high representation in species cluster D indicating 

those sectors are primarily heavily wooded. As might be expected from the 

similarily of habitat preference, clusters of species A and C showed the same 

result.
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C. Reptiles and Amphibians
Eight amphibians and 15 reptile species were recorded from 108 sightings 

during the survey. These species, and the sectors In which they were found 

are listed In Table VIII. There was no significant difference between the 

ratio of reptiles and amphibians In the reference sectors over all species 

observed and the ratio of reference sectors over all sectors.
Tadpoles were collected In ponds and flowing water as they were encountered 

In each sector. Their occurrence along with that of aquatic Invertebrates was 

used to evaluate the suitability of these waters to sustain aquatic life.
The results of the aquatic Investigations In sectors 7, 8, 12, and 13 are

Adetailed In an earlier publication.^
0. Plants

A list of vascular plants that were found at PBA during the survey period 

Is included as Tablq IX.
SeversV areas yere located that have a-highly distributed vegetative

2cover, which Is likely due to several types of soil contamination.



Appendix 1, Birds Observed at Pine Bluff Arsenal
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Appendix 1.
BIRDS OBSERVED AT PINE BLUFF ARSENAL

rj
•vi

COtIMON NAME 

VIOOD DUCK 

TURKEY VULTURE 

MISSISSIPPI KITE 

RED-TAILED HAWK 

BROAD-WINGED HAWK 

SPARROW HAWK 

V TURKEY 

BOBWHITE 

GREEN HERON 

AMERICAN bittern 

KILLDEER
SPOTTED SANDPIPER 

ROCK DOVE 

^MOURNING DOVE 

CHUCK-WILL'S WIDOW 

CHIMNEY SHIFT

SCIENTIFIC NAME 

AIX SPONSA 

CATHARTES AURA 

ICTINIA MISSIPPIENSIS 

BUTEO JAHAICENSIS 

BUTEO PLATYPTERUS 

’ FALCO SPARVERIUS 

MELEAGRIS GALLOPAVO 

COLINUS VIRGINIANUS 

BUTORIDES VIRESCENS 

BOTAURUS LINTIGINOSUS 

CHARADRUS VOCIFERUS 

ACTITIS MACULARIA 

COLUMBA LIVIA 

ZENAIDURA MACROURA 

CAPRIMULEUS CAROUNENSIS 

CHAETURA PELAGICA

SECTOR

8

17, 18 

6, 9

3. 5, 7, 11, 14, 19, 21

6. 15

7. 11, 12, 18 

6

4, 5, 8, 10, 11, 13, 17-19 

4

7

11, 12, 18. 19 

22 

12

4, 7-9. 12, 13, 17. 19. 21 

4. 5

8. 10. 13, 19

, I



Appendix 1. Continued

09

COMMON NAME
RUBY-THROATED
HUMMINGBIRD

SCIENTIFIC NAME 

ARCHILOCHUS COLUBRIS

YELLOW-SHAFTED FLICKER COLAPTES AURATUS
RED-BELLIED WOODPECKER CENTURUS CAROLINUS
PILEATED WOODPECKER DRYOCOPUS PILEATUS
RED-HEADED WOODPECKER MELANERPES ERYTHROCEPHACUS
DOWNY WOODPECKER DENDROCOPOS PUBESCEHS

«
EASTERN KINGBIRD TYRANNUS TYRANNUS
GREAT CRESTED FLYCATCHER MYIARCHUS CRINITUS
EASTERN WOOD PEMEE COLTOPUS VIRENS
BARN SWALLOW 

ROUGH-WINGED SHALLOW 

PURPLE MARTIN 

BLUE JAY 

COMMON CROW 

FISH CROW 

CAROLINA CHICKADEE 

TUFTED TITMOUSE

HIRUNDO RUSTICA 

STELGIDOPTERYX RUFICOLLIS 

PROGNE SUBIS 

CYANOCITIA CRISTATA 

CORVUS BRANCHYRHYNCHOS 

CORVUS OSSIFRAGUS 

PARUS CAROLIHENSIS 

PARUS BICOLOR

SECTOR 

8. 13

1. 4-8, 10. 13, 14, 17-19

5, 8. 10, 13. 17-20 

4, 10, 13. 18, 19

6, 8-10, 13, 14 

8, 10, 18-20

8. 10, 13-15, 17tl9. 21 

10 

18

7, 12, 17, 18 

18

7, 8. 18

1. 5, 6, 8-10, 13-15. 17-19, 21-23 

6, 18, 21 

13. 18

1, 4, 6-8, 10, 13, 18. 20

1, 6, 8. 10, 13. 17. 18. 20. 21, 23
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Appendix 1. Continued
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COMMON NAME 

RED-BREASTED NUTHATCH 

WINTER WREN 

CARDLINA WREN 

MOCKINGBIRD 

CATBIRD 

BROWN THRASHER 

ROBIN
WOOD THRUSH 

SWAINSON'S THRUSH 

EASTERN BLUEBIRD 

STARLING
WHITE-EYED VIREO
WARDING VIREO

WORM-EATING WARBLER
black-throated GREEN 
lARBLER

MYRTLE WARBLER 

CERULEAN HARBLER

SCIENTIFIC NAME 

SITTA CANADENSIS

troglodyte^ troglodytes 

thryothorus ludovicianus
MIHUS POLYGLOTTOS 

DUMETELLA CAR LIMENSIS 

TOXISTOMA RUFUM 

TURDUS MIGRATORIUS 

HYLOCICHLA MUSTELINA 

HYLOCICHLA USTULATA 

SIALIA SIALIS 

STURNUS VULGARIS 

VIREO GRISEUS 

VIREO GILVUS 

HELMITHEROS VERMIVORUS 

DENDROICA VIRENS

DENDROICA CORONATA 

DENDROICA CERULEA

SECTOR 

1, 18

4, 5. 10, 20 

4-6, 8-10, 13, 17-19, 21 

4, 5, 8-10, 12-15, 17-19, 23 

4. 18

1, 4, 8-10, 19, 23 

13-15, 17 

4, 5, 9, 10, 13 

8

6, 7, 9, 11, 13, 17-19, 21 

8, 12-15, 17, 19, 21 

10 

23 

1

1, 23

1, 8-10 

8



Appendix 1. Continued

COMMON NAME 

WARBLER 

YELLOW THROAT 

YELLOW-BREASTED CHAT 

EASTERN MEADOWLARK 

REO-WIMGED BLACKBIRD 

COfflON GRACKLE 

BROWN-HEADED COWBIRD • 
BALTIMORE ORIOLE 

SUMMER TANAGER 

CARDINAL 

BLUE GROSBEAK 

INDIGO BUNTING 

PINE SISKIN 

AMERICAN GOLDFINCH 

CHIPPING SPARROW 

FIELD SPARROW 

WHITE-THROATED SPARROW 

HOUSE SPARROW

SCIENTIFIC NAME 

AHFRTrAMA 

GEOTHLYPIS TRICHAS 

ICTERIA VIRENS 

STURNELLA MAG.NA 

AGELAIUS PHOEHICEUS 

QUISCAUJS QUISCULA 

MOLOTHRUS ATER 

ICTERUS GALBULA 

PIRANGA RUBRA 

RICHMONDErtA CARDINALIS 

SUIRACA CAERULEA 

PA^SERINA C ANEA 

SPiNUS PINUS 

SPINUS TRISTIS 

SPIZELLA PASSERINA 

SPIZELLA PUSILLA 

ZOiyiTRICHIA ALBICOLLIS 

PASSER DOMESTICUS

SEaOR

13
.*

4. 5

1, 5. 8, 17, 18, 23 

3, 7, 8, 12-15, 17, 19, 21

5, 8, 17-19, 21 

10, 21

7, 8, 10, 13, 15, 17

8. 10, 18, 23

1, 6, 8, 10, 13, 17-19, 23 

1. 4. 6, 8, 10, 13-15, 19, 21

3, 18

4. 5, 13, 19, 21 

17

4, 22 

8, 18. 19 

8

4

17, 19



TABLE II
MAMMALS OBSERVED AT PINE BLUFF ARSENAL

CCr^lON NAME 

Opossum
Shorttall Shrew 

Raccoon
STRIPED Smy.
Eastern Gray Squirrel 
Eastern Fox Squirrel 
Plains Pocket Gopher 
Fulvus Harvest House 

Nhite-Footed Mouse 

Hispid Cotton Rat 
Eastern Cottontail 
Uhlte-Talled Deer 
Beaver*

Bobcat
Armadillo*

SCIENTIFIC NAME
<Didelphls Harsuplalis 

Blarina brevicauda 

Procyon Totor 

Mephitis mephitis 

Sclurus canadensis •_ 
Sclurus niger 

Geomys bursarlus 

Relthrodontomys fulvescens 

Peroi^scus leucopus 

Stgmodon hispidus 

SylvUagus florldanus 

Odocolleus virginlanus 

Castor canadensis 

Lynx rufus 

Dasypus novencinctus



! >! i 
!
I

i ‘

i, j .J

TABLE II continued

Coyote 

Muskrat 
River Otter ^

Canis latrans 

Ondatra zibethica 

Lutra 'ranadpnc'ic

Ca>
ro

^Sightings of tracks or nesting areas
**Sectors as In bird survey
^Observed during an aquatic survey Nay» 1976



Sector 

17, 18 

20

6, 8, 13 

18

13, 14

7, 9, 13-15, 17-20

14. 18 

16

13. 10. 17. 18 

5, 17. 18

8, 13. 15. 19-21

4. 5. 6. 8, 13-15, 20. 21 

16, 18

14 

16 

13

15

16
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TABLE III
RESULTS OF MAMMAL TRAPPING SURVEY. RATIO INDICATES CAPTURE PER NUMBER OF TRAPS SET

TRAPPING DATE 

MAY

ijJ

AREA
1 2 3 4 5 6

1 1/30 2/30
2 0/27 0/27 .2/27.
3-L 4/22 1/22 3/22 2/22
4 2/25 3/25
5-S 0/26 0/26 0/26
6 0/24 0/27
7
8-L

1

9-S
Totals 1/57 6/79 5/74 6/73 2/72 0/53

SEPTEMBER 
18 19

2/27
0/24

3
2

10.
5.
0
2

0/24

2/24 2
1/3 1
0/29 1/29 0/29 1
3/56 1/29 0/29 26/
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TABLE IV
RESULTS OF THE TESTS OF SIGNIFICANCE BETWEEN SUCCESS RATES FOR THE DIFFERENT MATVIAL TRAPPING LOCALITIES

AREA
\ 8 3 4 1 7 6 2

•
9 5 To(

Success 1 10 5 3 2* 2 2 1 0 2j

Failures 2 78 45 57 46 76 79 86 78 541

Total 3 88 50 60 48 78 81 87 78 571

% Trappings

Success

0.333 0.110^ 0.100 0.050 0.042 0.026 0.025 0.011 0.000
a

CO
cn

*The line extends beneath those areas determined to be homogeneous.



Figure 4. Dendrogram of Bird Species at Pine Bluff Arsenal 
Based Upon Sectors
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Figure 5. Dendrogram of Sectors at Pine Bluff Arsenal Based 

Upon Bird Species

• s



TABLE V.
BIRO DATA REARRANGED IN DOUBLE DENDROGRAM ORDER

u>CO

1 RED-TAILED HAWK
30 RED-HINGED BLACKBIRD 

5 MOURNING DOVE 

25 EASTERN BLUEBIRD 

35 INDIGO BUNTING 

16 COMHOH CROW

2 SPARROW HAWK 

4 KIUDEER
13 BARN SWAaOH
14 PURPLE MARTIN

1
17
0
1
1
■1

0
0

8
0
3
1
0
0
0

10
0
0
0
0
0
0

13
0
0
1
1
1
0

18
0
3
0
1
0
3

0 0 0 0 0 1
(11 0 0 0 1
1 0 0 0 0 1
0 0 3 0 0 1

4
0
0
0
0
0
0

9
0
0
1
1

0
0

1
0
0
3
0
0
0

2
6
0
0
0
1

0
1

23
0
0
0 ' 

0 

0 

0

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0

14
1
0
0
0
0
0

0
0
0
0

15
0
1
0
0
0
0

21
1
0
1
1
1
1

0 0 

0 0 

0 0 

0 0

12
0
0
1
0
0
0

1 1 
0 1 
1 1 
1 0

11
1
0
0
1
0
0

1
1
0
0

3
1
0
0
0
0
0

22
0
0
0
0
0
0

0 0 

0 0 

0 0 

0 0

20
0
0
0
0
0
0

0
0
0
0

6 CHIMNEY SWIFT 013110 

9 PILEATEO WOODPECKER 010111 

3 BOBHHITE 3311 1 1 

8 RED-BELLIED WOODPECKER 111111

000000 0 0 0 00 0 00 0 

000000 0 0 0 00 0 00 0 

000000 0 0 0 00 1 00 0 
100000 0 0 0 00 0 00 1



TABLE V. Continued

17 19
11 DOWNEY WOODPECKER 0 1
36 CHIPPING SPARROW 0 1
28 YELLOW-BREASTED CHAT 1 0
32 BALTIHDRE ORIOLE 0 0

12 EASTERN KINGBIRD 1 1
34 CARDINAL 0 1

7 YELLOW-SHAFTED FLICKER 1 1
20 CAROLINA WREN 1 1
15 BLUE JAY 1 1
21 MOCKINGBIRD 1 1
1 TUFTED TITMOUSE 1 0
33 SUMMER TANAGER 1 1
17 CAROLINA CHICKADEE 0 0
10 RED-HEADED WOODPECKER 0 0
22 BROWN THRASHER 0 1

10

1

0

0

1 1

3 1 
1

13

0

0

0

0

0

0

4

1

0

0

0

0

0

0

0

0

0

1

0

I

0

0

5

0

0

0

0

1

1

0

1

3

0

1

0

0

0

0

9

0

0

0

0

0

0

0

1

1

1

0

0

0

1

1

1

0

0

1

0

0

1

1

0

1

0

1

1

1

0

1

2

6

0

0

0

0

23

0

0

1

1

0

0

0

0

3

1

1

1

0

0

1

14

0

0

0

0

1

1

1

0

1

1

0

0

0

1

0

15

0

0

0

0

1

1

0

0

1

1

0

0

0

0

0

21

0

0

0

0

1

1

0

1

3

0

1

0

0

0

0

7

0

0

0

0

0

0

1

0

0

0

0

0

1

0

0

12

0

0

0

0

0

0

0

0

0

1

0

0

0

0

0

3

11 3

0 0

0 0

0 0

0 0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

22

0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

20

1

0

0

0

0

0

0

0

0

0

1

0

0

0

0

I

ii
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TABLF V. Ccntinued

27 MYRTLE WARBLER 

19 WINTER WREN 

24 WOOD THRUSH

1

17 19 8 10 13 18

0 0 11 0 0

0 0 0 1 0 0

1 1

2 3

4 5 9 1 6 23 14 15 21 7 12 11 3 22 20

0011 GOOD 0 00 0 00 0

1000C0 0 0 0 00 0 00 0

0^01000 0 0 0 00 0 00 0

26 STARLING 

29 EASTERN NEAOOWURK 

23 ROBIN
31 BROWN-HEADED COWBIRD

3 3 10

1110 

10 0 0 

3 0 11

0 0100001 1 1 030001

0 0100001 1 1 11 0101

0 0000001 1 0 000000

0 00000001 0 100000
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TABLE VI.
RESULTS OF TESTS OF SIGNIFICANCE BETWEEN THE MULTIPLE MEANS OF THE SUB
DIVISIONS IN THE REARRANGED BIRD DATA

-.I

Subdivisions

2B
3D
3C
2C
3A
2E
3B ^
2A
IB
3E
2D
1A
ID
1C
IE

Means

.0000

.0595

.0625

.0694

.1944

.3056

.3333

.3704

.3750

.3750

.4524

.6111

.7381

.8125

.8333

Regions of 
Homogeneity of 
Means
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TABLE VII.
THE RELATIONSHIP BETWEEN THE SUBDIVISIONS OF THE REARRANGED BIRD DATA

1
Clusters of Sectors

2 3 Clusters

High Low Low

Species

A
? Low Low B

High Low Low C
High High Low D
High Low ? E



TABLE VIII.

AtCcnuatus

'"OHIBANS AND REPTILES OBSERVED AT PINE BLUFF ARSENAL

SCIENTIFIC NAME COMMON NAME SECTOR
11 Coluber Constrictor

Priapus SOUTHERN BLACK RACER 18
3 Terrapene Carolina

Triunquis THREE-TOED BOX TURTLE 4,8,18.20
4 Pseudemys Scripta Eleqans RED-EARED TURTLE 8,15,17,18,23
1 Chelydra Serpentina

Serpentina
COMMON SNAPPING TURTLE 8,14

22 Rana Cl ami tans Melanota GREEN FROG 4,5,8,10,18,21
12 Opheodrys Aestivus ROUGH GREEN SNAKE 19
9 Matrix Rhombifera

Rhombifera
DIAMOND-BACKED WATER SNAKE 18

16 Siren Intermedia LESSER SIREN 4, 18
Agkistrodon Contortrix 
Contortrix

SOUTHERN COPPERHEAD 7, 18

19 Acrls Crepitans CRICKET FROG 4,5,8,12,18,19

2 Klnoaternon Subrubrum 
Hlppocrepis

MISSISSIPPI MUD TURTLE 19

18 Bufo Woodhouael Fowlerl FOWLER'S TOAD 1,5,8,13,18

17 Bufo Amcrlcanus
Charlesmlthll

DWARF AMERICAN TOAD 10,13,20

20 Gastrophyrne Carolinensls EASTERN NARROW-MOUTHED TOAD 10,21

7 L^feosoma Latcmale GROUND SKINK 10,20

23 Rana Plpens Sphenocephela SOUTHERN LEOPARD FROG 8,18

21 Rana Catesblana BULLFROG 17,18

IS Acklstrodon Plsclvorus 
Leucostoma

WESTERN COTTONMOUTH 13,18

8 Ophlsaurus Attenuatus WESTERN SLENDER GLASS LIZARD 18

- i



TABLE VIII. (Continued)

SCIENTIFIC NAME COMMON NAME SECTO

5 Scelonorus Undulatus NORTHERN FENCE LIZARD 1,6,7,3
Hvacinthlnua

14 Crotalus Horrldus CANEBRAKE RATTLESNAKE 10
Atricaudatus

6 Cnemldophorus Sexlineatus SIX-LINED RACERUNNER 5,10

10 Thamnophis Saurltus WESTERN RIBBON SNAKE 13
Proximus

' iL' iC-'- -7-l’^SlZ.
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TABLE IX.

PLANTS OBSERVED AT PINE BLUFF ARSENAL

Scientific Name 

Acalypha setosa 

Acalypha sp.
Acer rubrum L.
Aesculus pavia L.
Agrostis hyemalis (Walt.) BSP 

A. perennans (Walt.) Tuckerm. 

Ambrosia bidentata Michx.
A. ruqelii
Ampelopsis arborea (L) Koehne 

Cenchrus trlbuloldes 

Andropoqon gerardi 
A. scoparlus Michx.
A. ternarius Michx.

Aral la spinosa L.

Family

Euphorbiaceae
M

Aceraceae

Hippocastinaceae

Gramineae
M

Compositae
If

Vitaceae
Gramineae

Vito.

Common Name

Arallaceae

Red Maple 

Red Buckeye

Ragweed
It

Pepper Vine 

Sand-bar Grass 

Turkeyfoot or Big Bluestem 

Little Bluestem 

Silver Beardgrass 

Hercule's Club

Area
7
6
1.3

9
4

2
2.7 

7

6.8 

7
7,9
1.5
7

5



.E IX. Continued
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Scientific Name 

Aristida dichotoma Michx. 

Ascyrmn hypericoides L.
Aster lateriflorus (L) Britt.

A. patens Ait.
Azolla carol iniana Willd.

Baccharis ha1mi folia L.
Berchemia scandens (Hill) Trel.

Betula lutea Hichx. 
var. macrolepis Fern.

Bidens aristosa (Michx.) Britt.

B. Polylepls Blake
Boehmeria cylindrica (L) Sw.

cardiospernum halicacabuin L.
calUcarpa americana L.
carya illinoensis (Wang) K.
Koch

C. texana Buckl. 

campsis radicans (L) Sam.

Family Common Name Area
Gramineae Poverty Grass 7,10
Hypericaceae St. Andrew's Cross 2.5
Compositae Aster 4

II II 2,3
Salviniaceae Water Velvet 4
Compositae Groundsel-tree 1
Rhamnaceae Supple-jack 4.6

Corylaceae Yellow or Gray Birch 3
Compositae Beggar's Ticks 4

n U II 5
Urticaceae False Nettle 4.6,7
Sapindaceae Heart Seed 4
Verbenaceae French Muhlberry 8
Juglandaceae Pecan 3.5,8

II
9

Bignoniaceae Trumpet Creeper 8
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TAb. IX. Continued

Scientific Name Family Common Name Area

Carya tomentosa Nutt. Juglandaceae Mockernut Hickory 2.9
cassia fasciculata Michx. Leguminosae Partridge Pea 2.8
C. marilandica L. M 5
castanea pumila (t) Mill. Fagaceae Chinquapin 2
celtis laeviqata Willd. Ulmaceae Hackberry 6,3,10
cephalanthus occidental is L. Rubiaceae Buttonbush 4,9
cocculus carolinus (L) DC Menispermaceae Red berried Moonseed 4
conyza canadensis 8
Cornus florida L. Cornaceae Flowering Dogwood 1-3,6
C. racemosa Lam. It Gray Dogwood 8
Crataegus sp. Rosaceae Hawthorn 6
Croton capitatus Michx. Euphorbiaceae Hogwort 1.7
Cynodon dactyl on (L) Pers. Gramineae Bermuda Grass 7,8,10
Cyperus erythrorhiza Muhl. Cyperaceae 4
C. strigosus L. n 4
Oiqitaria ischaemum (Schreb.) 
Muhl.

Gramineae Smooth Crabgrass 4,10

0. sanquinalis (L) Scop. M Crabgrass 8,10
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TABl X. Continued

Scientific Karne Fanily Common Name Area
Diodia teres Walt. Rubiaceae Buttonweed 2.4.7

D. virginiana L. II Buttonweed 6.7.9
Diospyros virginiana L. Ebenaceae Persinmion 1.2
Eclipta alba (L) Hassk. Compositae Yerba-de-Tago 4
Eleocharls tenuis (jWllld^ Cyperaceae Slendor Splkerush 6
Schultes

Elymus virqinicus L. Gramineae Wild Rye 2
Eraqostis spectabilfs (Pursh) Gramineae Tumble Grass 1.7
Steud.

Erechtites hieracifolia (L) Raf. Compositae Fireweed 1
Erianthus alopecuroides (L) Ell Gramineae Woolly Beardgrass 4
Erianthus sp. II 1
Eunatorium coelestinum L. Compositae 4
E. perfoliatum L. u Boneset 2.4-7
E. rotundifolium L. II 4
Euphorbia maculata L. Euphorbiaceae .■Wartweed 7.8
E. corollata L. II 2
Fraxinus lanceolata Borkh. Oleaceae Green Ash 5.6.8,
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TAbi_£ IX. Continued

SO

Scientific Nane Family Conmon Name Area
Froelichea floridana 
(Nuttall) Noq.

Nyctaginaceae Cottonweed 8

Gerardia purpurea L. Scrophulariaceae Purple Gerardia 1.5,7
G. tenui folia Vahl. II

5,8
Molluqo verticillata L. Aizoaceae Carpetweed 8
Monarda punctata L. Labiatae Horsemint 8
Morus rubra L. Horaceae Red Mulberry 4
Myrica cerifera L. Myricaceae Wax Myrtle 1
Nelumbo lutea (Willd) Pers. Nymphaceae Yellow Lotus 4
Nyssa aquatica L. Nyssaceae Water (Cotton) Gum 10
N. sylvatica flarsh. II Sour Gum or Tupelo 2,3
Panicum aqrostoides Sprenq. Gramineae Panic Grass 4.5
P. depauperatum Muhl. H ■ n 5,8
P. dichotomoflorum Michx. n m n 5
P. microcarpon Muhl. n ■ H 5,6
P. villosissimum Nash n M tl 1.3
Parthenocissus quinquefolia (L) 
Planch

Vitaceae Virginia Creeper 4
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TAouu IX. Continued

i _

Scientific Name
Paspalum c11 latifol luin Michx.

P. dllatatum Polr.
P. urvUlel Steud.
Passiflora lutea L.
Persea borbonia (L) Spreng. 

Pllea pumlTa (L) Gray 

Pinus echinata Hill.

g IP. taeda L.
Plantago rugelll Dene. 

Polygonum hydropiper L.
P^. hydropiperoldes Michx.

pensylvanicum L.

Populus deltoldes Marsh. 

Prunus serotina Ehrh. 
Pterldlum agulllnum (L) Kuhn 

Quercus alba L.

Q. falcata lllchx

Family
Gramlneae

M

Passifloraceae

Lauraceae

Urticaceae
Pinaceae

M

Plantaginaceae
Polygonaceae

Sallcaceae

Rosaceae
Polypodlaceae
Fagaceae

Common Name 

Paspalum Grass

Passion Flower 

Red-Bay 

Richweed 

Short-leaf Pine

Loblolly Pine 

Rugel's Plantain 

Water Pepper

Mild Water Pepper 
Pennsylvania Knotweed 

Northern Cottonwood 

Black or Rum 

Bracken Fern 

White Oak 

Southern Red Oak

Area

5.7

7,10

8

2

2

7

2.9
1-3.5
7
4

4
4
7
5.7-10
1.2
2.3
1-3
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TABLE .. Continued

,vff

Scientific Name Family Common Name Area
Qusrcus pcilustrls Muenchh II Pin Oak 10
Q. Phellos L. II Willow Oak 1.3
Q. shumardil Buckl. II Shumard's Red Oak 10
Q. stellata Wans. n Post Oak 1-3
Q. velutlna Lam. u Black Oak 2
Rhexia virKinica L. Helastomataceae Deer Beauty 4
Rlius copall Inum L. Anacardiaceae Dwarf Sumac 2.3,
Rlius toxicodendron L. II Poison Ivy 6
Rhyrehaspora sp. Cyperaceae Beak Rush 1
Sallx. nigra L. Salicaceae Black Willow 4.7
Saribucus caradensis L. Caprifoliaceae Common Elder 5
Sassafras alblda (Nutt) Lauraceae Sassafras 1
Sourarus cemus L. Saururaceae Lizard’s Tail 4
Sclrpus sp. Cyperaceae Bull Rush 1

Smllax rotundlfolla L. Liliaceae Bull Briar. 6
Smllax glauca Walt. N Catbriar 1.5

' t‘ 
i

! »



TAP IX. Continued

s>

Scientific Name Family Common Name Aret
II Coninon Green Briar 1

Solidaqo altissima Ait. Compositae Goldenrod 7.8

S. odora Sit. II Sweet Goldenrod 1-3
N Goldenrod 8
II n 2,3
n M 2

Gramineae Johnson Grass 4,8
Lamnaceae Duckweed 4
Gramineae Poverty Grass 7
Leguminosae Wild Bean 2.7-

Taxodium distichum (L)
Richard

Pinaceae Bald Cypress 4

Trachelospernum difforme 
(Walt) Gray

Apocynaceae Climbing Dogbane 4

Trifolium repens L. Leguminosae White Clover 4
Ulmul alata Michx. Ulmaceae Winged Elm 4-6
Uniola laxa (L) BSP Gramineae 1.2
Vaccinium arboreum Marsh Ericaceae Farkleberry 1.2



TABLE IX. Continued

Scientific Name
Verbena cf. encelioldes 

(Cav.) B & R
Veronia peregrina L.

Vitis aestivalis Hichx.
y^. rotundifolia Michx.
Woodwardia areolata (L) Moore

Xanthium strumarium L.

Family

Compositae

Compositae

Vitaceae
tl

Polypodiaceae

Compositae

Common Name

Ironweed 

Summer Grape 

Muscadine Grape 

Netted Chain Fern 

Cocklebur

Area

4

4
2.4
1-4
1

7

Locations of plant survey areas shown in Fig. 3. Area 10 refers to partly cultivated and 

roadside.
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Discussion

The surveys described In this report detected a number of areas with 

disturbed vegetation. Prompted by our initial findings we investigated 

further and found that some were contaminated with various manufacturing 

wastes. Although the locations of all these areas were not known at the time 

the survey sectors were selected, it now seems prudent to analyze the data 

using the additional information.

Sector 12, the abandoned North Production Area, was used as a manufacturing 

area for mustard-filled munitions, lewisite, DDT, chlorine, and sulfuric acid.

The surfaces of the buildings are so contaminated with mustard agent that they 

cannot be safely dismantled. Open dumps of waste DDT in this area arc constantly 

eroded by surface runoff, and hence the receiving tributaries are also heavily 

contaminated. Arsenic is potentially present from the past production of 

lewisite.

Sector 8, containing the toxic gas storage yard, is a good example of a 

largely undisturbed sector. However; a fraction of Sector 8, just south of the 

storage yard is sevei^ly damaged. This function consists of a borrow pit (where 

fill dirt was excavated) which was used for the disposal of mustard. During 

the disposal procedure, decontamination material was disced into the soil, which 

is now so damaged that invading weeds are unable to colonize the area.

Sector 10 includes a munitions test area and is reported to be contaminated 
with Chloroactophenone (CN/, a tear agent\ Adamslte (DM)^ a vomiting agent^, 

pyrotechnics, munitions, smokes and incendiaries (T. Shook, oral communication). 

The area surrounding Yellow Lake (sector 18), its feeding tributaries, and 

the lake itself are contaminated with elemental phosphorous, DDT, pyrotechnics
9and munitions.

- - -3
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A. Mammals

Nothing in the data on mammals sighted indicates a generally adverse

effect of PBA activities. The trap site with a success rate which was

significantly lower than the site with the highest rate was in an area known

to be free of disturbances. The rodent populations were low compared with

similar populations elsewhere while potential predators (at least six

species of predatory mammals, four species of birds of prey, and four species

of predatory snakes) were relatively common. Whether the mammal population
12was at a low in a cyclic pattern or a balance had been reached between the 

food source, cover and predator pressure could not be determined.

B. Birds

Bird population exhibited no adverse effects from the activities at PBiS.

There were both numerous species and Individuals. The result of the dendrogram 

analysis does not follow the control versus experimental sectors described in 

the Materials and Methods sector. Rather, in retrospect, it closely follows 

the sectors where most of the time iras spent: Sectors in category 1 were 

visited most frequently, those in category 2 were visited less frequently and 

those in category 3 were visited least frequently. In this regard sectors 

2 and 16 which were not clustered^because of insufficient data^were not studied 

at all. The only exception was area 12 which was heavily contaminated (see above) 

and was studied Intensely. All other sectors apparently had sufficiently diverse 

habitats and healthy populations so that adverse effects, if any, were masked.

C. Amphibians and Reptiles

Amphibians and reptiles were well represented, and apparently showed no 

widespread adverse effect. Nor was there significantly fewer species of amphibians 

in the experimental areas. In a few limited pond and stream locations in sectors



12 and 13 amphibians and ai;uatlc invertebrates were absent. The pH conditions 

were unacceptable to sustain life.^

D. Conclusions

Most of the land areas of PBA appear to be environmentally healthy on a 

gross scale. However certain sections, the largest of which occurs in sector 

12, are severly contaminated with decontamination products, munitions wastes, 

and pesticides remaining from the oteppy manufacturing and disposal techniques 

of the past. Each rainfall erodes more of these contaminants into the 

surrounding streams thus spreading the effects through the environment.

Therefore the major Impact of these relatively limited sources of terrestrial 

disturbances are found in studies of aquatic systems. The terrestrial impacts 

of the Installation activities should be studied in detail at specific problem 

areas identified in this report. l«-H»ppo«rs -th«t1he studies should include 

soil invertebrates and bloaccumulatlon of pesticides, heavy metals, and elemental 

phosphorous in*some of the common vertebrates.

' 1
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SUMMARY

I

Personnel of the Waterways Experiment Station (WES) visited or 
contacted eleven Federal or State organizations to collect data relevant 
to the hydrogeological regime of a north-central portion of the Pine 
Bluff Arsenal (PBA). Attention was focused on collecting and reviewing 

topography, soils, geology, and hydrology information.
These data were examined and, where necessary, translated to formats 

which were more applicable to the hydrogeologic descriptions. Data are 
discussed and presented as tables, figures, and plates illustrating sur
face soils, subsui'face soils, slope, permeability, landforms, drainage, 
piezometric surfaces, and precipitation.

According to the data collected and extrapolated, the PBA ranges in 
elevation from 200 to 300 ft mean sea level (msl) and is underlain, in 

part, by a piezometric surface approximating 190 to 195 ft msl. The 

gently sloping surfaces are predominantly silts with infiltration being 

retarded by hardpans in the shallow subsurface. The precipitation is 
approximately 50 in. with an excess of potential evaporation.

Based upon available data and program requirements, a detailed plan 

of sampling and analysis was Included.
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PREFACE

The study reported on herein is a portion of the Pine Bluff Arsenal* 
(PBA) Engineering and Technology Directorate's program to assess the 

potential groundwater pollution by past or ongoing activities of the 

Arsenal. The study is an initial phase of a more complete program des
cribed in Appendix A; authority to conduct this study was given by PBA 
to the Waterways Experiment Station (WES) by teletype dated 3 November 
1975, subject: "FJ6 PI856FJQ6."

The study was conducted during the period of November 1975 to 
January 1976 by personnel of the Engineering Geology and Rock Mechanics 
Division (EGRMD), Soils and Pavements Laboratory (S&PL). The study aims 

and approach were reviewed by personnel of the Mobility and Environmental 
Systems and Environmental Effects Laboratories prior to execution.
Mr. Jerald D. Broughton was responsible for the conduct of the study and 

preparation of this report. He was assisted by Messrs. Harry K. Woods, 
Donnie E. Andrews, and Mrs. Marilyn B. Worthy. All portions of the work 

were under the direct supervision of Mr. John H. Shamburger, Chief, 
Terrestrial Sciences Branch, and under the general supervision of Mr. Don 

C. Banks, Chief, EGRMD, and Messrs. James P. Sale and Richard G. Ahlvin, 
Chief and Assistant Chief, respectively, of the S4PL.

Director of the WES during the conduct of this study and preparation 

of this report was COL G. H. Hilt, and Technical Director was Mr. F. R. 
Brown.
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CONWRSION FACT0R3. DRITIGH TO METRIC UNITS OF MEASUREM’’NT

The following table is given so that units used in this report can be 

converted from British to metric equivalents.

Multiply By To Obtain
inches 2.5** centimeters
feet 0.30U8 meters
miles ' 1.6093*»4 kilometers
acres 0. UoU? hectares
in./hr 0.000706 cm/sec
in./year , 2.5** cm/year

J. 'j , .V
Preliminary
t • t -



A LITOllATURE SURVTCY ON GUnFACK AMD GUBnUKFACE CHARACTERISTICS 

, AT PINE BLUFF ARSENAL, ARKANSAS
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PART I: INTRODUCTION

Background

1. The PBA has been in operation for over 30 years; during that 
tijoe the Army as well as private firms under lease agreements have 

manufactured substances that have been handled, stored, or discarded in 

such a manner that potential pollution problems exist in the surface 
water and groundwater at the PBA. Recent observations and studies at 
the Rocky Mountain Arsenal have provided an insight to the magnitude of 
potential contaminant problems associated with these types of operations. 
Studies, starting in I966 and continuing to the present, have been made 
by the PBA, Edgewood Arsenal (EA), the U. S. Army Environmental Hygiene 

Agency (AEHA), and WES to examine different portions of the potential 
problem. Advice and guidance for continuing studies are currently given 

by the Chemical Demilitarization and Insteillation Restoration group of 
the Army Materiel Command.

2. The PBA has determined that several areas of the installation 

are, or have been, subject to surface accumulation of materials which
• Me potential sources of contamination. The studies to date have pro
vided a definitive understanding of contaminant problems associated with 

surface waters and have led to planned actions to treat this aspect of 
the problem. To date, however, little or no understanding exists for 

evaluating the potential contamination of groundwater at the PBA.
3. The WES was requested to make a hydrogeological site assessment 

of one area (consisting of two sites) at the PBA. The assessment will 
be completed in FY 1977 and will result in the site description and 

determination of parameters required to determine the present extent of 

any groundwater pollution as well as to anticipate or predict future 

trends. The study reported herein la the initial phase of the assess
ment; specifically, data relating to subsurface conditions (and surface

PRELIMHJ^rjy
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conditions, ns relevant) wore collected and oxmnined to dctorminc the 

extent and details of available information and to enable firm plans to 

be made for the ’■emaining phases of the hydrogeological study.

Purpose and Scope

Purpose
h. The purpose of this study is to determine sources of informa

tion pertaining to the subsurface (and the surface, as relative), to 

collect available data and to eveLLuate the information as it pertains to 

a hydrogeological description and parameters necessary to make a hydro- 
geological study of a specified disposal area at PBA (see Figure l).
This Information will assist in recommending a plan of action to gener
ate required hydrogeological data for the study area in the future.
Scope

5. This study is concerned with some 65 acres located in the
1*north-central portion of the PBA as shown on the topographic map 

(Figure 1). While attention was focused on this area during data 

collection and evaluation, the search for data and subsequent develop
ment of a recommended plan of action, required collection and evaluation 

of Information covering the entire reservation, Jefferson County, 
Arkansas, and/or the south-central United States for background purposes.

6. Inquiries were made to both Federal and State agencies as well 
as applicable military installations to secure information required for 

the study. All maps were prepared without the benefit of any on-site 

field data collection.

* Raised number indicates entries similarly numbered in Reference list.
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PART II: LITERATURE SURVEY

Approach

7. Since a vide spectrum of data exists, to make the study meaning
ful to a hydrogeologic assessment, those factors that cause or influence 
movement of contaminants on the surface or through the subsurface from 
Its present disposal location were determined. Those factors were 

considered to be:
&. Soil type (surface and subsurface)

Landfonns
£. Topographic slope

Surface and subsurface drainage (permeability)
Rainfall (amount, intensity, and frequency)

Groundwater conditions (depth and thickness)

Depth to bedrock
Data search '

8. The search at WiS for data pertaining to the above factors 

consisted of obtaining a computerized data listing from the Defense 

Documentation Center and reviewing reference material in the files of 
the Engineering Geology and Rock Mechanics Division and the Technical 
Information Center. In addition, the following agencies were contacted 
to determine the availability of information in their files that would 
be applicable to the study.

U. S. Arny Engineer District, Little Rock
U. S. Army Engineer District, Fort Worth

c^. U. S. Geological Survey, Little Rock
U. S. Department of Agriculture, Little Rock

e. Arkansas Geological Commission
f^. U. S. Army Engineer District, Vicksburg
£. U. S. Army Engineer Division, Southwest
h^. U. S. Army Environmental Hygiene Agency, Aberdeen Proving 

Ground
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Edgcwood Arsenal, Aberdeen Provitic Ground 

jJ_, Soutlieast Arkansas Planning Comnnssion, Pine Bluff, Arkansas 

k. U. S. Soil Conservation Service, Monticello, Arkansas
9. Discussions were held at PBA witVi members of the Facilities 

Directorate to familiarize WES personnel with prior and ongoing studies 

that might contribute to the current project and a limited reconnaissance 
of the study area was conducted.

10. State and Federal offices in Little Rock, Arkansas (listed 
above) and the U. S. Army Engineer District, Fort Worth, Texas, were 

visited to review and collect information.

',■'1

Types of Data

11. Personnel of the above named agencies contributed a substantial 
amount of information consisting of textbooks, regional reports, state 
surveys, county studies, and several items relating solely to the PBA.
The detail of the information varied from exact chanical analysis of 
soil samples from within the i-.tudy area to the general, historical 
accounts of the Mississippi embayment.

12. Descriptions of general environmental conditions of the PBA 
and Jefferson County were available and of reasonable detail. The soils 
of the PBA were described by the U. S. Department of Agriculture draft 
reports and portrayed on large scale (1:15,8U0) aerial photographs. The 
soils are described from the sxu'face to an approximate depth of 6 ft.

13. Useful subsurface information on the PBA was limited. Numerous 
foundation borings have been drilled but depths are usually less than
20 ft. Severed, of these borings penetrated a saturated zone but the 
free water was attributed to a perched water table. Numerous shallow 

borings have been made to obtain samples from the study area for chemical 
analysis; all samples have been crushed which prohibited any future 
engineering test. No descriptive accounts of the strata were maintained 

and retrieval of any information relative to grain size, permeability, 
or stratification is is^ossible. Driller's logs (generalized descriptions) 
were located for two monitoring wells drilled in the vicinity of the 

study area; no physical test were performed on any of the samples.
. V
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lU. ClLmatic data were available in forma of lorif'-tcrm avornyo 

precipitation records, evaporative maps, and small scale rainfall maps. 
Precipitation amounts and distributions were available.

Data review

15. The data collected during this study were cursorily reviewed 
in the order received. This brief review indicated the factor(s) des
cribed eind their potential usefulness. If the data source contained 

pertinent information, a bibliographic entry was made and a brief nota
tion made concerning subject matter and scope of investigation. The 
review was a continuing process requiring a re-review of previously 

obtained references to check on agreement between different sources of 
information.

16. Upon receipt of available reference material (approximately 80 
items), they were placed into groups that related to surface, subsurface, 
and climatic conditions. Information in each group was then examined to 
determine which could contribute to the required site descriptions. An 
attempt was made to select those which covered, in order of priority, 
the study area, the PBA, Jefferson County, the State of Arkansas, and 
the Arkansas River Valley.

17. Material specifically covering the study site was extremely 

limited and most studies more broadly addressed PBA or Jefferson County. 
From these broader studies, the portion of data applicable to the area 
of interest, either the study area or the PBA was extracted and utilized 

to prepare the data as presented in Part III, Site Description.
18. The reference material identified during the study are pre

sented in two sections—Reference and Bibliography. The Reference 
Section lists those reports that were used as direct input to the site 
description. The Bibliography Section lists literature that was identi
fied during the study but not used directly to describe the site.
During the study period, approximately fifty percent of these entries 

were received and inspected.
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• \\ •



PART III: SITE DL'SCJUrTION

19. While the study concerns the specific area shovm on Figure 1, 
little data were found that pertained exclusively to that area. As a 
result, the data extracted from the references were used to describe the 

PBA in terms of the pertinent factors with conclusions given, where 
possible, as to how these factors influenced the hydrogeology descrip
tion for the specific site (Figure l). In most cases, data were avail
able from one or more sources. The data were supplemented by interpre
tations of aerial photographs of PBA. The descriptions are divided into 
three categories—surface, subsurface, and rainfall characteristics and 
each category is described in narrative and graphic form.

Surface Characteristics

20. Londforms within the PBA can be divided into three units, (a)
uplands, (b) alluvial terrace, and (c) alluvial plain. The uplands are 

Tertiary (Jackson group) deposits consisting of unconsolidated sediments 
(predominantly silts and sandy silts)^’^’^*^ and are characterized by a 

level to gently rolling surface interrupted by drainage ways of varying
sizes. The uplands are bordered by the alluvial terrace and, in some 
places, by the alluvial plain. The demarcation between the alluvial 
terrace and the uplands cannot be made on the basis of topography 
alone—rather, soil types must be relied upon for sepeu-ating^ the two.
In contrast, an abrupt slope usually forms the bouadary between the 
alluvial terrace and the alluvial plain. Topographically the surface of 
the alluvial terrace is similar to the uplands in that it is level to 
gently rolling and is interrupted by streams of varying sizes. The 
surface of the alluvial terrace is composed of alluvial silts, sandy 
silts, and clays except in the southern part of PBA where these soils 
are veneered by loess deposits (aeolian silts). A well defined scarp
forms the boundary between the alluvial terrace and the lower lying 
alluvial plain. The alluvial plain is a relatively flat floodplain

. V
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of the Arknnoan River nncl its tributaries. T)iio surface is characterized 

by meander belt deposits consistinc of abandoned channels, natural 
levee, backswarap, and point-bar deposits. The surface soils range from 

clays, sljj^s. to silty sands depending upon the environment of deposi
tion. The landforms are graphically portrayed in Figure 2 and the 

occurrence of surface soil types are shown on Plate 1.
21. As shown in Figure 2, the boundary between the uplands and the 

alluvial terrace, almost bisects the site. However, while Plate 1 shows 
the surface soils at the site to consist of low plasticity silts (ML*) 
and silty sands (SM*), silty sands predominate suggesting that the 

surface is free of a loess veneer. It should be re-emphasized here that 
the data from which these conclusions are reached result from generalized 
data obtained from the literature and not from on-site sampling and 
required laboratory testing and classification. The inferrence is that 
rtdnwater is relatively free to Infiltrate through the surface soils at 
the study site. This free draining state is highly modified by the 
existence of hardpans over much of the PBA.

22. Slopes are very gentle over most of the PBA. In many places.
they are less than one percent and seldom exceed three percent.
Slopes of the escarpment between the inlands and the alluvial plain are 
greater than 100 percent, but the aerial extent is limited. Slopes 
bordering the drainage ways sometimes approach or exceed 12 percent, but 
again, these are of limited areal extent. Surface drainage is well
developed and nearly all areas of the developed portions of the PBA are
veil drained. Slopes generally associated with specific soil types'^ (as 

shown on Plate l) provided the basis for the slope map shown on Plate 2. 
Examinaticn of topographic maps"^ generally confirm the slopes os pre

sented. Ravines and stream channels usually produce slopes greater than 
those shown on Plate 2 necessitating further treatment on a final, large- 
scale project map. As shown on Plate 2 the eastern part of the site 

should have slopes ranging from 1 to 3 percent; the western part of the site

• Designations from United Soil Classification System
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should have slopes rancin^ from 3 to 8 percent. Such Information is 

Important to site assessment in Uiat the slope indicates whether rainfall 
would tend to leave the area as surface runoff (steep slopes) or infil
trate (shallow slopes). However, the study indicated that draina£e of 

the uplands and the alluvial terrace at PEA is principally in the form 
of surface rxinoff and not infiltration.

23. The lower lying alluvial plain is frequently flooded and is 

characterized by an extremely shallow water table. The alluvial terrace 
and uplands surfaces are drained by a series of permanent and ephemeral 
streams and drainage ways. For example, in a general review, VTN Louisi
ana, Inc.^ considered the entire PM as belonging to the Arkansas River 

Basin drainage system. In a more detailed study, an Edgewood Arsenal 
report subdivided the PBA into eight sub-basins of drainage. Figure 3 
shows the surface drainage in the vicinity of the study area. Precipita
tion on the study area constributes runoff to two of the eight sub-
basins which are drained by Triplett and Tulley Creeks.^ . y, V__^ cAueo PHILIPfis W riA (

24. Land use affects surface runoff and iniiltration. An exami
nation of data for the entire PBA shows the usual land uses associated 
with a reservation of this type, l.e. production areas, storage areas, 
recreational areas, woodlands, etc., but the immediate site is in an 
abandoned state with no organized use. For this reason no land use map 
was prepared.

Subsurface Characteristics

25. The subsurface characteristics are discussed in terms of soil 
types, permeability, and groundwater conditions. The referenced data on 
soil types and permeability dealt only with materials found in the top
6 ft of the subsurface; no data exists for deeper materials.

26. The subsurface soils of the uplands are similar to the surface

soils in that they are predominantly silts, but with Increasing amounts
of clay with depth. The subsurface soils of the alluvial terraces

i^reliminary
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are prcdomina;itly r.ilLa arm clays for vaiyln;; dcpt-lis (uid arc undorJ.un
by coarser material. Tire depth to and type of matcria.1 underlying the 
alluvial plain depends upon the environment of deposition. Practically 
ail types of material (sand, cloy, silt, and gravels) can be encountered 

at some depth in the subsurface of the alluvial plain although according 
to data collected for the top 6 ft within the Jinuts of the PBA it is 

principally silts, sandy silts, and clays. The loess areas on the ter
race are characterized by a relative homogenous silt in the subsurface, 
however these deposits have developed distict fragipan layers which are 
conducive to a perched water table during periods of prolonged or heavy 
rainfall. Plate 3 identifies the subsurface soil types within the 

limits of the reservation. As shown, the immediate subsurface materials 
at the study site consists predominantly of ir^rganic, low plasticity 

clay and subordinately of silt or sandy/clayey silt.
27. Average permeability values derived from U. S. Department of 

2Agriculture studies are low, suggesting that only small amounts of
rainfall percolate through the upper soils to groundwater. No estimates
of infiltration values were made by these studies and no other data on
infiltration were located during this study except for a spraying test.
The spraying test was conducted for disposal of water on an area of
Caddo-Pheba-Savannah soil association (surface soil liL, subsurface type
ML, i.e. typical of the uplands found on the western part of the study
site, reported permeability of 0.2 to 0.6 in./hr). A spraying rate of
0.09 in./hr exceeded the capacity of the soil to accept that volume of
water by infiltration; as a result subsequent surface runoff occurred.
While some infiltration occurred, test data were available for only the
upper 12 in. The inadequacy of the soil to internally drain the volume
of water being sprayed could have been caused by the high loading rate
or a fragipan with a permeability much less than that reported for the
general soil profile. The permeabilities shown on Plate reflect the

2minimum values as indicated by the USDA for any portion of the upper 
6 ft of soil. At the study site permeabilities varying from 0.2 to 
0,6 in/hr are indicated. Such values are high and indicate near free 

draining soil but hardpans usually modify these conditions.

8
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20. Groundvata^ for tlie puri^oscs of thio report, io defined a& 

the hlGheGt elcvat-ion of the saturated zone or water table. It is 
probable that tlias definition includes three different zones or eleva
tion ranges within the coniines of the PEA. Two of these zones may be 

of little consequence from the standpoint of being contaminated from 
surface infiltration. These zones are the occasional perched watei 
table resulting from a shallow fragipan or hardpan and extended periods 

of rainfall and the artesian aquifer in the Sparta formation which 
underlies the Jackson group. While the Sparta is more than 600 ft below 

the surface, the artesian pressure raises the piezometric surface to 
about 100 ft below the site. The third zone, commonly referred to as 
the alluvial aquifer, is of primary concern for pollution potential.
The alluvial aquifer underlies only the alluviail terrace and the alluvium 

plain.
29. Although the alluvial aquifer has not been investigated in

g 10detail at the PEA, some U. S. Geological Survey studies ’ have included 
portions of the PEA. The water monitoring study^^ initiated in I967 

required that 15 wells he completed to the alluvial aquifer. Two of 
these wells were located east of the study area and encountered water at 
a depth of 50 ft or an approximate elevation of I90 ft msl. The remainder 
of the wells were located in the southwest sector of the reservation and 
exhibited water level observations of approximately 195 ft msl. An 

earlier study presenting groundwater conditions in the Lower Arkansas 

River Valley indicated similar ranges in elevations for the groundwater 
sxirface. Portions of the piezometric maps presented in the earlier 
study are given in Figure h and 5 for the spring and fall 1959 condi

tions, respectively. These figures indicate the groundwater elevation 
at the study site should be expected to vary from about 195 to 200 ft msl.

30. No recent, alluvial groundwater elevations have been obtained 

within the PEA, but there is little reason to expect radical elevation 

changes. The nearness to the Arkeinsas River and the remoteness from 

heavy pumpage would suggest that the groundwater elevations are reason
ably stable. Channel improvements in thej^Arkonsaa River have

< ■'**20 t,
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probably even reduced the poTaibility of fluctuatiori'3 nttrlbJ*:cd to 

river stage variation. As apparent from Figures ‘i and 5, the ri/er van 

acting as a drain on the aquifer when the piezometric maps were made.
It was suggested in recent conversations with U. S. Geological Survey 

personnel in Little Rock that the channel improvements resulting in a 
minimum pool elevation of I96 ft msl may create a constant recharge 

situation. An evaluation of this probability should be part of the 

future study.
31. The saturated zone extends from the water table through the 

alluvial deposits to the top of the Jackson. Generally, the alluvium in 
the floodplain ranges in thickness from j6 to 195 ft with averages of 
approximately 100 ft thick. The bottom of the aquifer is the contact 
with the underlying Tertiary clays of the Jackson-Claibome groups.
These clays underlie the alluvium at an approximate elevation of I60 ft msl 
at Lock and Dam 5 on the Arkansas River north of the PBA and at ein 
approximate elevation of 90 ft msl at Lock and Dam 4 south of the PBA.
Some logs^*^ show this group to be at an approximate elevation of 110 ft msl 

in the vicinity of the reservation. This Tertiary surface rises rapidly 

to the vest and outcrops in the westward portion of the reservation.
32. The alluvial terraces (Quaternary) on the PBA are underlain by 

Tertiary deposits at elevations ranging from 250 ft msl (average outcrop 
contour) to confirmed elevations of I60 to I70 ft msl"^. The elevation 

of the water table in the terraces was determined to be approximately 

195 ft msl. These data indicated that the alluvial aquifer thickness 

would range from 0 ft in the western portion of the reservation to some 
80 to 90 ft in the alluvium adjoining the River. No reliable estimates 

of north-south variation are possible, but with the approximate constant 
elevation of the Quaternary surface and the decreasing elevation of the 

Tertiary surface with constant water table elevation, it is expected 

that the thickness of the saturated zone would increase to the south as 

well as to the east.
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33. Paleozoic bedrock lies about 3000 ft below the surface and
exhibits no known or hypothesized effects on the groundwater regime of 
the reservation.

Rainfall

3^. Precipitation at PM averages about 50 in. per year. The
distribution is reasonably uniform with the fsLll months receiving less
than 4 in. and the winter and spring months receiving 4 to 6 in. of 

12rain. The precipitation is primarily rainfall as less than 2 in. per
year of snow are usually recorded. Potential evaporation is approxi-
mately 38 in. per year but actual evaporation of course depends upon
ambient conditions and rainfall. Infiltration is dependent upon ninoff
and evaporation (including transpiration) but no quantitative figures
were found. A graphic display of rainfall during two specific years,
1950 and 1959» at Pine Bluff^^ are shown in Figure 6, and Table 1 pre-

12seats monthly averages during the period of 1941-1970.
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Time, Months, 1958

Time, Months, 1959
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Table 1. Avenge Precipitation at Pino Bluff, Arkansas, 191*1-1970
Average

Precipitation, Inches

January

February

March

April

May

June

July

August

September

October

Hovember

December

1*.1*7

1*.79

5.1^1

5.65

5.51

2.85

3.57

3.1U

3.60

3.23

1*.00

1*.50

5..-V

Source: U. S. Department of Commerce, 1973
\
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PART IV: CONCLIIGTON:] AND JiECOMMl'NDATIONG

Conclusions

■

35. A considerable amoxint of data is available which is applicable 

to the definition of pollutant migration potential. These data have 

been generated by the PBA, the USGS, the Arkansas Geological Commission 
(AGC), and the U. S. Ariny Engineer Districts, Fort Worth, Little Rock, 

and Vicksburg.
36. The U. S. Arny Engineer Districts (Fort Worth, Little Rock, 

and Vicksburg) have conducted or sponsored work associated with founda
tion investigations, floodplain planning, and environmental inventories. 
Ibe exploratory boring and floodplain planning have contributed to the 

assessment of shallow, subsurface conditions while a later study, con
ducted by VTN Louisiana, Inc.^ was a comprehensive survey of countywide 

conditions. The design and construction of two lock and dam systems on 

the bordering Arkansas River furnished valuable information on flood- 

plain soils, geology, and groundwater depths.
37. Tbe AGC work is primarily state oriented, but these portions 

applicable to the PBA and adjacent terrain are extractable and useful. 
Their collection of water well boring logs furnish substantial infor
mation on the surrounding county. A few specific county-oriented 

studies are available.
38. The USGS has monitored water levels in the Arkansas River 

Valley for an extended period of time. Information from these sources 

are valuable for predicting long-term trends and the boring logs are 

especially valuable for defining subsurface conditions.
39. The PBA has conducted several studies relative to the pollu

tion migration potential. The study by Lachapelle, Brooks, and Trescotf^ 

presents a firm foundation on which to build future studies. The studies 

currently being conducted have a potential for substantially contributing 

to the knowledge of the subsurface. The latest study by Pinkham, Pearson, 
Fuller, and Bender presents an overview of the PBA environment and

-■V
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furnlshca a "first lcx3k" which is valuable in the initiation of lu-OL^rjims 

to furnish detailed ana.lysis.

Recommendations

1*0. A definite need exists for subsurface evaluation of both the 

saturated zone and zone of aeration over most of the PBA. The immediate 

concern is the subsurface soil and groundwater conditions underlying the 
study area as presented in figure 1. Onsite drilling and appropriate 

sampling procedures will define strata, characteristics and the installa
tion of various types of post-drilling sampling equipment will permit 
monitoring of pollutant movement in the zone of aeration and the develop
ment of mathematical models to predict any long-term migration trends.

1*1. The saturated zone will have to be defined for the immediate 

site as well as the adjacent areas of the PBA in order to predict any 

movement within this zone. Piezometric surfaces need to be defined in 

terms of elevation, gradient, and movement. The saturated zone should 

be investigated to determine if stratification of movement occurs and if 

a dilution/distance relationship exists. Samples taken at existing well 
locations during drilling operations, and subsequent to drilling will 
permit definition of movement and possible mathematical modeling.

1*2. The program to accomplish these recommendations is presented 

in Appendix A.
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APPKND[X A: HYDKOGEOLOGIC SAMITJUG PHOGHAt-1 AT PINE ULUKP AREIsNAL

Dackcround

Al. A work statement, dated 1 October 1975, entitled "Soil Survey- 
Work at Pine Bluff Arsenal" was prepared and submitted by the USAE 

Waterways Experiment Station (WES). Subsequent meetings between person
nel of the Pine Bluff Arsenal (PBA), WES, and the Chemical Demilitariza
tion and Installation Restoration staff of the Army Materiel Command 

resulted in an understanding of the scope of work to be accomplished by 
the study described by the work statement and the submission of "Justi
fication of the FY 1977 Budget Request for Geologic/Hydrologic Studies 

at Pine Bluff Arsenal" on 11 November 1975*
A2. The latter document divided the study at the PBA site into 

three major parts: (Task I) Site Investigation, (Task II) Site Assess
ment, and (Task III) Site Monitoring. Task I was further subdivided 

into three phases: (A) Office study, (B) Field investigation, and (C)
Laboratory testing. The first phase consisted of three efforts: (l) a 

literature survey, (2) a re-view of literature and compilation of pre
liminary site maps, and (3) formulation of a definitive plan of action.
The efforts in phase (A) (Office study) of Task (l) were completed and 

described in this report. The results of the literature survey and review 

of literature eind compilation of preliminary site maps were used -to 

refine the preliminary plan of action, as originally described in the 

11 November 1975 justification.

Plan of Action

A3. Further studies at the PBA will be initiated with phase (B) 
(Field investigations) of Task (I) (Site Investigation). '..While the 

remaining work at the PBA as presented in the above cited document of 
11 November 1975 appears to foilly justified on the basis of the completed 

portions of the work, it is recommended that the magnitude of the subsur
face exploration and subsequent laboratory testing be expanded due to
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subtleties expected to occur in subsurface conditions. Fipuic A1 sliows 

the locations of borings currently thought necessary for defining the 

subsurface conditions at the study site. These boring locations w<mc 

selected to adequately define the substrata and the piezoinotric surface 

of that portion of the PEA lying between the study area and the Arkansas 

River. This area was isolated for detailed analysis for the following 

reasons:
a^. The geologic bomidary between shallow aquifer in the terrace 

materials and the essentially dry formations to the west, which 

almost bisects the study area in a generally east-west direction, 
must be defined.

b. The selected sector encompasses the shortest distance to a 

major water body, the Arkansas River.
£. The sector covers all logical groundwater paths extending from 

the site.
d. Existing PBA data will supplement subsequent piezometric deter

minations.
£. The borings should permit delineation of any effects that the 

perennial stream, Phillips Creek, has on the water table.
AU. This tentative number of borings has resulted in an increase in the 

proposed budget due to increased drilling cost and laboratory testing. 
Similarly, the time requirements have been adjusted. The plan of action 

presented in the following pages reflect these changes to the document 
submitted on 11 November 1975.
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Taak I; Site Investi/rution

Phase A: Office Study - (Completed and described in this report)
Effort 1. Site reconnaissance. Collect appropriate on-site data to 

refine preliminary maps.
Surface soil samples 

Slope and drainage data 

£. Physical description of area of interest 
Land us e

£. Water level data on existing wells
Interview personnel for waste generation, dates of dis
posal, disposal procedures, etc.

This effort will provide data to validate or refine the preliminary site 

maps and provide the basis to verify the plan for subsurface exploration 

as detailed below.
Effort 2. Subsurface exploration 

Preliminary
(1) Refine boring locations and depths
(2) Verify type of sampling and frequency, and identify 

other types of exploration such as refraction 

seismic, vibratory, geophysical logging, and fluid 

saapllng that might be applicable.
b. Conduct field exploration

(1) Drill necessary borings and prepare detailed 

boring logs.
(2) Obtain samples (soil and water)
(3) Installation of piezometers or lysimeters, as 

necessary
(U) Perform pumping tests for field permeability, as 

necessary.
A5. The subsurface exploration will be conducted using a WES drill 

crew which is proficient in the art of subsurface sampling or using PBA 

equipment with WES supervision. All WES drilling and sampling equipment,
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tubing, and equipment for preparing and preaorving aamplea, etc., will 
be available for almost any conceivable condition. The installation of 
piezometers or lysimetcrs will be based on the field data collected.
The cost estimate, shown later, assumes subsurface exploration will bo 

conducted by a WES drill crew.
Phase C: Laboratory testing

Effort 1. Physical tests of soil
a. . Density
b. Water content 
£. Classification 

d. Clay mineralogy
a6. All samples obtained will be carefully preserved and crated 

for shipment. The above tests are the minimum effort necessary to 

obtain recommended physical properties to provide necessary detail for 

site evaluation and assessment. Other tests may be included to complete 

the site description, but is not included in the boat estimate.
Effort 2. Teats for contaminants. It is assumed that all chemical./ 

pesticide tests will be conducted by PBA equipment/personnel. However, 
it desired by PBA, WES will be willing to suggest appropriate tests 

based upon previous and ongoing work. In preparing the cost estimate no 

SkUowance is shown for WES to conduct testa for contaminants.
A7. Upon the completion of Task I, all data pertaining to the sub- 

siurface hydrogeology conditions (in terms of descriptions of strata and 

their physical properties, contaminants present and their concentration 
and position) will have been collected. Additionally, suitable instru
ments will have been installed to provide for the monitoring of long- 
range effects and to verify the results of the assessment task.

Task II: Site Assessment

A8. Once data have been collected, evaluated, and placed into 

proper format, the boundary-^alue problem can be described. Such des
cription will Include depth, thickness, uniformity, extent, permeability
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Effort 3. Obtain predlctlonn. Baaed on PBA input, future site activi- 

ties vill be described and used as input to the model to predict futui'e 

effects of engincerinB activities of the site.

Task III: Site Monitoring

AlO. Once the site data have been collected, synthesized, and cast 
into a form to properly calibrate the geological/hydrological model, the 

predictions resulting therefrom exhaust the possibilities in terms of 
analytical capabilities at the present’time. Predictions of future 

changes must be verified. If subsequently collected data are deemed to 

be in substantial disagreement with predictions, the model must be 

further refined. However, to substantiate predictions, a sampling pro
gram of both soil/water sainples must be established. In either case, 
the assaying of samples (whether soil or water) can be handled with 

present PBA capabilities. At this stage it is necessary to mention that 
the plan of action recognizes that site monitoring will be required. It 

is likewise recognized that borings made during the subsurface explo
ration can be subordinately used to obtain water quality samples. Sub
surface samples of soil for subsequent contaminant assessment will have 

to be obtained from additional borings specifically for that purpose.
It is envisioned here that both subsurface soil and water samples can be 

obtained by PBA equipment and personnel. Similarly, it is assumed that 
assaying of the samples can be made by PBA personnel.

All. Personnel of WES will be available to aid in site monitoring 

activities as requested on a cost reimbursable basis. In any event, 
such activities are not envisioned as part of FY TJ requirements and are 
not included in the cost/time estimate in the followig paragraphs.
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Building
Number Description

BUILDING INVENTORY 
PINE BLUFF ARSENAL

Building
Number

Non-Industrial

Description

42900 Ammunition Demil Facility 60440 Loading - Unloading Docks
55000 Other 60520 Other
55020 Administrative 60610 General Purpose Warehouse
55030 Other 60620
55040 Other 60630
55050 Other 60640
55060 Sentry Station 60650 • r
55061 Septic Tank Drainage Field 60660 General Puroi

r

5se Warehouse55110 General Purpose Warehouse 60710 High Explosive Magazine55115 General Purpose Warehouse 60720 High Explosive Magazine55220 Other 60730 High Explosive Magazine55320 Other 60740 High Explosive Magazine55330 Septic Tank Drainage Field 61010 Smokeless PO Magazine55410 General Purpose Warehouse 61020 Fallout Shelter55415 General Purpose Warehouse 61030 Smokeless PO Magazine60060 General Purpose Warehouse 6104060070 Other 6105060080 Sewage Pimp 6106060090 Administrative 6107060100 Inflamable Material Storehouse 6108060320 Loading - Unloading Docks 6109060340 Loading - Unloading Docks 6110060400 Other 6111060401 Lumber Shed 6112060402 Lumber Shed 61130 1 t

60420 Loading - Unloading Docks 61140 Smokeless PO Magazine



Building
Nuirber Description

Building
Number Description
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61150
61160
61170
61180
61190
61200
61210
61220
61230
61240
61250
61260
61270
61280
61290
61300
61310
61320
61330
61340
61350
61360
61370
61380
61390
61400
61410
61420
61430
61440
61450
61460

Smokeless PO Magazine

Smokeless PO Magazine 
High Explosive Magazine 
Smokeless PO Magazine

Smokeless PO 
High Explos

Magazine 
ve Magazine

High Explosive Magazine 
High Explosive Magazine 
High Explosive Magazine 
High Explosive Magazine 
Smokeless PO Magazine

Smokeless PO Magazine 
High Explosive Magazine 
High Explosive Magazine

61470
61480
61490
61500
61510
61520
61530
61540
61550
61560
61570
61580
61590
61000
61610
61620
61630
61640
61650
61660
61670
61680
61690
61700
61710
61720
61730
61740
61750
61760
61770
61780

High Explos ve Magazine

High Explosive Magazine 
Smokeless PO Magazine 
High Explosive Magazine 
Smokeless PO Magazine 
Smokeless PO Magazine 
Smokeless PO Magazine 
High Explosive Magazine 
High Explosive Magazine 
High Explosive Magazine 
High Explosive Magazine 
High Explosive Magazine 
Smokeless PO Magazine

Smokeless PO Magazine 
Fuse Detonator Magazine 
Fuse Detonator Magazine 
Fuse Detonator Magazine 
Smokeless PO Magazine
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Building
Number

61790
61800
61810
61820
61830
61840
61850
61860
61870
61880
61890
61900
61910
61920
61930
61940
61950
61960
61970
61980
61990
62000
62010
62020
62030
62040
62050
62060
62070
62080
62090
62100

Description

Smokeless PO Magazine 
Smokeless PO Magazine 
Smokeless PO Magazine 
Smokeless PO Magazine 
Smokeless PO Magazine 
Fuse Detonator Magazine

Fuse Detonator Magazine
Smokeless PO Magazine

Smokeless PO Magazine 
High Explosive Magazine 
High Explosive Magazine 
High Explosive Magazine 
High Explosive Magazine 
High Explosive Magazine 
Fallout Shelter 
Smokeless PO Magazine

Smokeless PO Magazine

Building
Number Description

62110
62120
62130
62140
62150
62160
62170
62180
62190
62200
62210
62220
62230
62240
62250
62260
62270
62280
62290
62300
62310
62320
62330
62340
62350
62360
62370
62380
62390
62400
62410
62420

Smokeless PO Magazine

Smokeless PO Magazine 
High Explosive Magazine

High Explosive Magazine 
Fuse Detonator Magazine 
Fuse Detonator Magazine 
Fuse Detonator Magazine
High Explos

High Explos

ve Magazine

ve Magazine
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Building
Number Description

Building
Nunber Description

62430 High Explosive Magazine 62750
62440 High Explosive Magazine 62760
62450 High Explosive Magazine 62770
62460 Fuse Detonator Magazine 62780
62470 Fuse Detonator Magazine 62790
62480 High Explosive Magazine 62800
62490 Fuse Detonator Magazine 62810
62500 High Explosive Magazine 62820
62510 Fuse Detona ;or Magazine 62830
62520 62840
62530 62850
62540 62860
62550 1 62865
62560 Fuse Detonator Magazine 62870
62570 High Explos ve Magazine 62880
82580 62890
62590 62900
62600 62910
62610 62920
62620 62930
62630 High Explos- ve Magazine 6294062640 Fuse Detonalbor Magazine 6295062650 Fuse Detonator Magazine 6296062660 High Explos ve Magazine 6297062670 6298062680 6299062690 6300062700 6301062710 6310062720 6310162730 6310262740 High Explosive Magazine 63110

High Explosi ve Magazine

High Explosive Magazine 
Fuse Detonator Magazine 
Fuse Detonator Magazine 
Fuse Detonator Magazine 
Sentry Station 
High Explosive Magazine

High Explosive Magazine 
Fuse Detonator Magazine

Fuse Detonator Magazine 
Loading - Unloading Docks 
OtherOperations, General Purpose 
Other
Anmunition Renv Shop

r,



3C

a\

Building
Number Description

63120
63200
63210
63220
63230
63300
63310
63320
63410
64010
64020
64100
81100
81200
81210
81300
81310
81330
81400
81410
81420
81430
81510
81520
81530
81600
81610
81620

Industrial

10020

Smokeless PO Magazine

Smokeless PO Magazine 
High Explosive Magazine 
Vacant
Loading - Unloading Docks 
General Storehouse

General Storehouse

Post Headquarters

Building
Number Description

10030 Cafeteria
10040 Telephone Exchange
10050 Fire Station
10075 Golf Club House
10210 Flagpole
11010 Vacant
11020 Sentry Station
11030 Vacant
11050 Vacant
12300 Family Housing
12302
12304
12306
12308
12310
12312 Family Housing
12415 Septic Tank Drainage Field
12510 Public Toilet
12550 Other
12560 Other
12600 Rod and Gun Club
130QD Elevated Water Storage Tank
13010 Administrative
13020 Administrative
13030 Administrative
13040 Dispensary
13050 Dispensary
13060 Credit Union
13080 Laboratory
13090 General Installation
13100 Other
13110 General Storehouse
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Building
Number

13120
13700
13701
13702
13703
13704
13705
13706
13707
13708
13709
14013
14014 
14020
15011
15012 
15022 
15031 
15042 
15051 
15062 
15071 
15082
15091
15092 
15103 
15210 
15215 
15330 
15350 
16020 
16040

Description

Steam Plant Power 
Family Housing

Family Housing 
Water Pump NP 
Water Pump NP 
Medical Cal Pro Ldg 
Det Strength

Building
Nunber Description

Det Strength 
General Storehouse 
Open Mess, Officer 
Outdoor Swinming Pool 
BOQ 
BOQ
Open Mess, Noncommissioned Officer 
Signal Field Maintenance Shop

16060
16075
16110
16150
16210
16220
16230
16250
16360
16270
13610
16340
16420
16430
16450
16490
16500
17050
17996
22600
23100
23310
23330
23350
23370
23390
23421
23422 
23445 
23450 
24010 
24020

Theater
Outdoor Swimming Pool 
Vacant
General Storehouse 
Enlisted Housing 
Enlisted Housing 
Other
General Storehouse 
EM Service Club 
Enlisted Personnel Mess 
Recreation Building 
Exchange Branch 
Gas Station 
Auto Self Help Garage 
Other
General Purpose Magazine
Kennel
Sewage Pump
Other
Scale House 
Sub Station
General Purpose Warehouse
General Purpose Warehouse
General Purpose Warehouse
Administrative
General Purpose Warehouse
Inflamable Material Storehouse
Inflamable Material Storehouse
Lumber Shed
Lumber Shed
Sentry Statiem
Sentry Station
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Building
Niaiter Description

Building
Number Description
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24030
24500
24550
24610
24761
24770
31010
31013
31014
31015 
31060 
31080 
31100 
31150 
31210 
31230 
31250 
31270 
31310 
31330 
31420 
31435 
31440 
31530
31530
31531
31532 
31540 
31550 
31570 
31572 
31620

Sentry Station 
Other
Sewage Pimp
General Purpose Warehouse 
Vacant
General Purpose Warehouse 
Vacant
Water Pump NP 
Water Pump NP 
Water Pimp NP 
Steam Plant Power 
General Purpose Warehouse 
Vacant 
Vacant 
General 
General 
General 
General

Purpose Warehouse 
Purpose Warehouse 
Purpose Warehouse 
Purpose Warehouse

Inflamable Material 
Inflamable Material 
Inflamable Material 
OtherInflamable Material 
Other 
Other 
Other 
Vacant 
Other 
General 
Other 
Vacant 
Other

Storehouse
Storehouse
Storehouse
Storehouse

Storehouse

31630
31631
31632 
31640 
31650 
31670 
31672 
31710 
31720
31730
31731 
31740 
31750 
31810 
31820 
31830 
31840 
31850 
31860 
31870 
32000 
3201B 
320n
32013
32014 
32030 
32035 
32050 
32060 
32070 
32080 
32090

Other
Other
Other
Other
General Storehouse
Other
Vacant
Fuse Detonator Magazine
Other
Other
Other
Fuse Detonator Magazine 
Other
Fuse Detonator Magazine
Other
Other
Fuse Detonator Magazine
Vacant
Other
Vacant
Vacant
Sentry Station 
No Current Description 
Water Pump NP 
Water Pump NP 
Motor Repair Shop 
Motor Repair Shop 
Gas Station 
Steam Plant Power 
Other
FE Maintenance Shop 
General Purpose Warehouse
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Building
Number Description

Building
Nunter Description
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32091 Inflamable Material Storehouse 32640 Other
32100 Vacant 32650 Other
32130 Other 32670 Other
32131 Other 32690 Other
32150 Administrative 32710 Fuse Detonator Magazine
32210 General Purpose Warehouse 32720 Other
32230 General Purpose Warehouse 32730 Fuse Detonator Magazine
32250 General Purpose Warehouse 32740 Fuse Detonator Magazine
32270 General Purpose Warehouse 32750 FE Maintenance Shop
32310 Inflamable Material Storehouse 32810 Fuse Detonator Magazine
32330 Inflamable Material Storehouse 32820 Other
32335 Other 32830 Other
32420 Inflamable Material Storehouse 32840 Fuse Detonator Magazine
32440 Inflamable Material Storehouse 32850 Other
32480 Transit Shed 32860 Other
32510 Other 32870 Other
32520 Other 32880 Vacant32530 Other 33000 Cafeteria32532 Other 33010 Sentry Station32534 Vacant 33013 Water Pump NP32535 Other 33014 Water Pump NP32536 33015 Water Pump NP32538 33060 Steam Plant Power32540 33080 Other32550 33100 Change House32570 33150 Vacant32572 33210 General Purpose Warehouse32610 33230 General Purpose Warehouse32620 \ ' 33250 General Purpose Warehouse32630 utner 33270 General Purpose Warehouse32631 Vacant 33310 Inflamable Material Storehouse32632 Vacant 33320 Vacant
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Building
Number Description Building

Number Description

33330 Inflamable Material Storehouse 33860
33420 Inflamable Material Storehouse 33870
33440 Inflamable Material Storehouse 33910
33480 Transit Shed 34001
33520 Other 34010
33525 Other 34011
33530 Other 34012
33531 Other 34013
33532 Storage 34014
33540 Other 34015
33550 34016
33570 34017
33572 34021
33620 1 r 34022
33630 Other 34023
33631 Vacant 34024
33632 Other 34025
33640 Other 34026
33650 Other 34027
33670 Other 34031
33672 Other 340S
33710 Fuse Detonator Magazine 34033
33720 Other 34034
33730 Vacant 34035
33740 Fuse Detonator Magazine 34036
33750 Other 34037
33760 Other 34042
33810 Fuse Detonator Magazine 34044
33820 Other 34046
33830 Other 34051
33840 Other 34052
33850 Vacant 34053

Other
Other
Other
VacantWater Pump NP 
Vacant

Vacant
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Number

34054
34055
34056
34057 
34061 
34063 
34065 
34067
34071
34072
34073
34074
34075
34076
34077
34081
34082
34083
34084
34085
34086
34087
34091
34092
34093
34094
34095
34096
34097 
34101
34110
34111

Description

Vacant

Vacant
Sentry Station 
Medical Cal Pro 
Other

Building
Number Descri^ion

34112
34115
34117
34118 
34120 
34130 
34133 
34135 
34140 
34160 
34170 
34220 
34250 
34310 
34350 
34360 
34380 
34430 
34440 
34450 
34460 
34630 
34640 
34650 
34660 
34680 
34820 
34860
34909
34910
34911 
34913

Inflamable Material 
Medical Cal Pro Ldg 
Inflamable Material 
Other
Change House 
Medical Cal Pro Ldg 
Medical Cal Pro Ldg 
Medical Cal Pro Ldg 
Steam Plant Power 
Cafeteria 
Medical Cal

Storehouse

Storehouse

Pro Ldg 
Purpose Warehouse 
Purpose Warehouse

General 
General 
Vacant 
Other 
Other
Fuse Detonator Magazine
General Purpose Warehouse
General Purpose Warehouse
General Purpose Warehouse
General Purpose Warehouse
Other
Other
Other
Other
Vacant
Other
Fuse Detonator Magazine 
Grease Racks 
FE Maintenance Shop 
Other
General Storehouse

^ M‘n
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;'-914
J4930
3.9',0
34960
34961 
34970
40010
40011 
41010 
41020 
41030 
41040 
41050 
41060 
41070 
41080 
41110 
41120 
41130 
41150 
41160 
41170 
41180 
41210 
41220 
41230 
41240 
41250 
41260 
41270 
41280 
41310

Description

Gas Station 
FE Maintenance Shop 
Sentry Station 
FE Maintenance Shop 
FE Facilities 
Administrative 
Sentry Station 
Public Toilet 
Fuse Detonator Magazine 
Fuse Detonator Magazine 
Fuse Detonator Magazine 
Other
General Purpose Warehouse 
Fuse Detonator Magazine

Fuse Detonator Magazine 
Other
Fuse Detonator Magazine

Building
Number Description

Fuse Detonator Magazine

41320
41330
41340
41350
41360
41370
41380
41410
41420
41430
41440
41450
41460
41470
41480
41510
41520
41530
41540
41550
41560
41570
41580
41610
41620
41630
41640
41650
41660
41670
41680
41710

Fuse Detonator Magazine

Fuse Detonator Magazine
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Building
Number Description

Building
Number Description

A1720 Fuse Detonator Magazine 42822 Sewage Treatment Plant
AV30 43000 Elevated Water Storage Tank
41740 44100 Cafeteria
4i750 44101 Sentry Station
4i76Q 44102 Sentry Station
41770 44110 Medical Cal Pro Ldg
41780 44120 Steam Plant Power
41810 44200 Sewage Pump
41820 44212 Other
41830 44213
41840 44214
41850 44215
41860 44219 1 '
41870 44220 Other
41880 Fuse Detona ;or Magazine 44300 Administrative
42000 Elevated Water Storage Tank 44301 Other
42010 Water Well with PS 44302 Septic Tank Drainage Field
42013 Water Pump NP 50020 General Purpose Warehouse
42020 Water Well with PS 50040 General Purpose Warehouse
42030 Water Well with PS 50060 General Purpose Warehouse
42200 Water Treatment Plant 50080 General Purpose Warehouse
42210 Water Treatment Plant 50100 Sub Station
42212 Fuel Storage Tank 50110 General Purpose Warehouse
42213 Water Treatment Plant 50120
42215 Water Treatment Plant 50130
42216 Water Treatment Plant 50140
42225 Septic Tank Drainage Field 50150
42300 Incinerator 50160
42410 Vacant 50170
42600 Sewage Pump 50180 General Purpose Warehouse
42750 Sewage Treatment Plant 50190 Water Well with PS
42820 Sewage Pump 50220 General Purpose Warehouse
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Building
Number

50230
50240
50250
50270
50290
50310
50340
50360
50410
50430
50510
50610
50810
50910
51190
51420
51570
51630
51650
53013
53100
53150
53180
53220
53221 
53225 
53250
53300
53301 
53321 
53350 
53450

Description

General Purpose Warehouse

General Purpose Warehouse
Water Pump NP
Divisional Headquarters
RR Equipment Maintenance Shop
Motor Repair Shop
Diesel Station
Water Pump NP
Other
Vacant
No Current Description
Vacant
Vacant
Vacant
Vacant
Fuel Storage Tank
Fuel Storage Tank
Vacant
Vacant
Vacant

Building
Number Description

53600
53890
53900
53910
53990
53991 
54010 
54110
54130
54131
54140
54141
54150
54151
54160
54161 
54180 
54190
54240
54241
54261
54262 
54270 
54280
54290
54291
54292
54293 
54300 
54310 
54325 
54340

Purpose Warehouse 
Purpose Warehouse

Vacant 
Vacant 
Vacant 
Other 
Other 
Other 
General 
General 
Vacant 
Vacant 
Vacant 
Vacant 
Vacant 
Other 
Vacant 
Vacant
Elevated Water Tank NP 
No Current Description 
Vacant

Vacant
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Building
Number Description

Building
Number Descriotion
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54341
54350
54360
54361
54362
54430
54431
54440
54441
54442 
54450
54460
54461 
54480 
54500 
54700 
56150 
56810 
56860 
56900 
57013 
57190 
60020 
64040 
64050 
64110 
64120 
64130 
64140
64150
64151 
64210

Vacant

Vacant
Elevated Water Tank NP
Acbnini strati ve
Vacant
Chlorinator
Sewage Treatment Plant
Sewage Treatment Plant
Sewage Pump
Water Pump NP
Water Pump NP
Civilian Personnel
Sentry Station
Sentry Station
Fuse Detonator Magazine
Fuse Detonator Magazine
Fuse Detonator Magazine
Fuse Detonator Magazine
Igloo Storage
Other
Fuse Detonator Magazine

64220
64230
64240
64250
64251 
64310 
64320 
64330 
64340
64350
64351
64360
64361 
64420 
64440 
64450
64460
64461 
74013 
77910 
77950 
77960 
81020 
81021 
81111
83010
83011
83020
83021
83110
83111 
83120

Fuse Detonator Magazine 
Fuse Detonator Magazine 
Fuse Detonator Magazine 
Igloo Storage 
Vacant
Fuse Detonator Magazine 
Fuse Detonator Magazine 
Fuse Detonator Magazine 
Fuse Detonator Magazine 
Igloo Storage 
Vacant
Igloo Storage 
Vacant
Fuse Detonator Magazine 
Fuse Detonator Magazine 
Fuse Detonator Magazine 
Igloo Storage 
Vacant
Water Pump NP
Vacant
Other
Other
Other
Septic Tank Drainage Field 
Other
Igloo Storage 
Vacant
Igloo Storage 
Vacant
Igloo Storage 
Vacant
Igloo Storage
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Building
Number Description

i

Building
Number Description

83121 Vacant 84031 Vacant
83210 Igloo Storage 84110 Igloo Storage
83211 Vacant 84111 Vacant
83220 Igloo Storage 84120 Igloo Storage
83221 Vacant 84121 Vacant
83310 Igloo Storage 84210 Igloo Storage
83311 Vacant 84211 Vacant
83320 Igloo Storage 84220 Igloo Storage
83321 Vacant 84221 Vacant
83410 Igloo Storage 84230 Igloo Storage
83411 Vacant 84231 Vacant
83420 Igloo Storage 84310 Igloo Storage
83421 Vacant 84311 Vacant
83430 Igloo Storage 84320 Igloo Storage
83431 Vacant 84321 Vacant
83510 Igloo Storage 84410 Igloo Storage
83511 Vacant 84411 Vacant
83520 Igloo Storage 84420 Igloo Storage
83521 Vacant 84421 Vacant
83530 Igloo Storage 84430 Igloo Storage
83531 Vacant 84431 Vacant
83610 Igloo Storage 84440 Igloo Storage
83611 Vacant 84441 Vacant
83620 Igloo Storage 84450 Igloo Storage
83621 Vacant 84451 Vacant
83630 Igloo Storage 85010 Igloo Storage
83631 Vacant 85011 Vacant
84010 Igloo Storage 85020 Igloo Storage
84011 Vacant 85021 Vacant
84020 Igloo Storage 85030 Igloo Storage
84021 Vacant 85031 Vacant
84030 Igloo Storage 85040 Igloo Storage
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Building
Number Description

Building
Nuirber Description
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85041 Vacant 85330 Igloo Storage
85120 Igloo Storage 85331 Vacant
85121 Vacant 85340 Igloo Storage
85130 Igloo Storage 85341 Vacant
85131 Vacant 85350 Igloo Storage
85140 Igloo Storage 85351 Vacant
85141 Vacant 93132 Water Well with PS
85150 Igloo Storage 93232 Water Well with PS
85151 Vacant 93332 Water Well with PS
85160 Igloo Storage 93432 Water Well with PS
85161 Vacant 93820 Industrial Waste Treatment
85230
85231

Igloo Storage
Vacant

96621 Vacant
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APPENDIX I
ANALYSIS OF EXISTING FACILITIES/ENVIRONMENTAL ASSESSMENT REPORT

PINE BLUFF ARSENAL 

REVISED 1 DECEMBER 1976

A copy of this report can be obtained from:

Department of the Army 
Headquarters, Pine Bluff Arsenal 
Pine Bluff, Arkansas 71601
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APPENDIX J

US AEHA WASTE TREATABILITY STUDY NO. 24-044-73/76 

13 FEBRUARY - 21 MARCH 1974

A copy of this report can be obtained from:

Department of the Army
US Army Environmental Hygiene Agency
Aberdeen Proving Ground, MD 21010
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appendix k
US AEHA WATER QUALITY ENGINEERING SURVEY NO. 24-002-73

A Copy of this report can be obtained from:

Department of the Army
US Army Environmental Hygiene Agency
Aberdeen Proving Ground, MD 21010
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APPENDIX L

US AEHA INSTALLATION RESTORATION PROGRAM REPORT NO. 99-065-75/76

PINE BLUFF ARSENAL 

28 - 31 JULY 1975

A copy of this report can be obtained from:

> ; Department of the Army
US Army Environmental Hygiene Agency
Aberdeen Proving Ground, MD 21010
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APPENDIX M

EDGEWOOD ARSENAL SPECIAL PUBLICATION EB-SP-74025 

PRELIMINARY ENVIRONMENTAL SURVEY 

PINE BLUFF ARSENAL 

DECEMBER 1972

r ■
» t

A copy of this report can be obtained from:

Department of the Army
Chemical Systems Laboratory (DRDAR-CLL)
Aberdeen Proving Ground, MD 21010
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APPENDIX N

PINE BLUFF ARSENAL REGULATION 420-5 

SOLID WASTE DISPOSAL

A copy of this report can be obtained from:

Department of the Army 
Headquarters, Pine Bluff Arsenal 
Pine Bluff, Arkansas 71601
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APPENDIX 0

STANDING OPERATING PROCEDURE NUMBER 71-7 

OPERATIONS OF SEWAGE TREATMENT PLANTS 

PINE BLUFF ARSENAL

A copy of this report can be obtained from;
Department of the Army 
Headquarters, Pine Bluff Arsenal 
Pine Bluff, Arkansas 71601
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APPENDIX P
US AEHA SOLID WASTE SURVEY NO. 26-001-73/74 

PINE BLUFF ARSENAL 

4 - 6 JUNE 1973

A copy of this report can be obtained from;

Department of the Army
US Army Environmental Hygiene Agency
Aberdeen Proving Ground, MD 21010

P-1
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APPENDIX Q

US AEHA WATER QUALITY GEOHYDROLOGIC CONSULTATION NO. 24-004-74

PINE BLUFF ARSENAL 

16-20 JULY 1973

A copy of this report can be obtained from;

Department of the Army
US Army Environmental Hygiene Agency
Aberdeen Proving Ground, MD 21010
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APPENDIX R

EDGEWOOD ARSENAL TECHNICAL REPORT EO-TR-76077 

EFFECTS OF ELEMENTAL PHOSPHORUS ON THE BIOTA OF YELLOW LAKE

PINE BLUFF ARSENAL 

MARCH 1974 - JANUARY 1975

A copy of this report can be obtained from:
Department of the Army
Chemical Systems Laboratory (DRDAR-CLL)
Aberdeen Proving Ground, MD 21010

R-1



appendix s
EDGEWOOD ARSENAL TECHNICAL REPORT EB-R-76038 

RESULTS OF AQUATIC SURVEYS AT PINE BLUFF ARSNEAL 

SEPTEMBER 1973 - OCTOBER 1974

A copy of this report can be obtained from:

Department of the Army
AKffI Laboratory (DRDAR-CLL)
Aberdeen Proving Ground, MD 21010

S-1
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APPENDIX r

PINE BLUFF ARSENAL INPUT

1* 23 DECEMBER 1977
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PEAR 10-1

CHAPTER 3

MISSION

3-1. Mission. To operate pilot production, pre-production, and limited 
production facilities for the manufacture of smoke, riot control, incapaci
tating, incendiary, and pyrotechnic mixes and/or munitions as assigned; to 
produce or manufacture chemical, smoke, riot control, incapacitating, incen
diary and other pyrotechnic mixes and/or munitions to supplement commercial 
Industrial capacity; to operate limited production facilities in the manu
facture of chemical defensive items, to include impregnation of clothing and 
assembly of protective masks; to support research, development and engineering 
activities of other US Army Materiel Development and Readiness Command (DARCOM) 
activities through operation of the facilities cited above, including manu
facturing technology, origination and implementation of improvement and 
modernization projects; to receive, store, perform surveillance, renovate, 
demilitarize, and ship chemical, conventional, riot control, smoke, and 
incendiary agents and/or munitions, industrial components and strategic 
materials; to receive, store and ship supplies and equipment of other 
governmental agencies; to perform planning in support of mobilization require
ments and schedules prepared by Headquarters, US Arm.y Armament Materiel Readi
ness Command (ARRCOM) in support of the Industrial Readiness Assurance Program 
for ARRCOM items; to maintain facilities and equipment, active or trandby, to 
assure capability as required for current and future production; to provide 
testing services and technical advice or assistance to industry in the pro
duction of chemical, riot control, smoke and incendiary agents and/or munitions, 
as required; to provide administrative and logistic support to installation 
mission activities and attached or tenant activities; to administer a procure
ment program in support of the Installation's mission; to maintain a security 
program lAW AR 50-6; to operate a mobile chemical laboratory at various DARCOM 
installations; and to perform installation restoration and chemical demilitari
zation activities in support of DA Project Manager.
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INSTALLATION .ASSESSMENT OF PINE BLUFF ARSENAL 

RECORDS E\^ALUATION REPORT NO. 113

The following information is recommended for inclusion in the subject 
report to provide a single-source document showing past, present and future 
activities addressing the complex problems of environmental pollution and 
contamination control:

a. Pine Bluff Arsenal Contaminated Areas Project, FY 74-76: Twenty-
nine areas suspected to contain contaminated material were located on
Pine Bluff Arsenal (Figure II-IO). A project began in FY 74 for collecting 
and analyzing samples from these areas to determine the extent and 
concentration of the contamination in each area. The samples were collected 
according to a statistical sampling plan. The sample analyses consisted of 
both chemical and biological. The methods for chemical analyses are 
reported in Edgewood Arsenal Contractor Report, EC-CR-76064, Methods for 
Analysis of Contaminated Soil, Pine Bluff Arsenal, Pine Bluff, Arkansas, 
March 1976, by Aubrey B. Gosnell, GO CHEM, Inc., 2075 Elaine Circle, 
Arkadelphia, Arkansas, Contract No. DAAA15-75-C-0183, Department of the 
Army, Edgewood Arsenal, ATTN: SAREA-CL-DC (Dr. Emory W. Sarver, Pr-oject
Officer, 671-3129), Aberdeen Proving Ground, Maryland 21010.

Chemical analyses data is stored at the North East Computer C'nter,
Fort Monmouth, New Jersey, with DDT analyses bv isomer stored at the 
Chemical Systems Laboratory (CSL), Aberdeen Proving Ground, Maryland, in 
the UNIVAC 1108 system.

All data is scheduled for conversion and entry into the Installation 
Restoration (IR) data management system at CSL, during FY 78. Information 
on IR data collection and retrieval for evaluation can be obtained from 
Department of the Army, Office of the Project Manager for Chemical Demili
tarization and Installation Restoration, ATTN; DRCPM-DRR (Mr. Shatto), 
Aberdeen Proving Ground, MD 21010.

b. Department of the Arm>-, Materiel Comnand, Armament Conmand,
Installation-Wide Environmental Impact Assessment for Pine Bluff Arsenal,
11 Septanber 1975, can be obtained frean: Conmander, Pine Bluff Arsenal,
ATTN; SARPB-ETC, Pine Bluff, AR 71611. The document describes the current 
discharge of pollutants to the environment which will continue through 1979 
when new pollution abatement facilites will be completed. The streams and 
sites now receiving this discharge will be the most recent addition of 
pollutants which will need to be considered under any cleanup program.

c. Analytical Systems Committee was established by the Project 
Manager for Chemical Demilitarization and Installation Restoration in 
September 1975 with the following mission:

T-5



(1) Review state-of-the-art methodology for analyzing known or 
stispected contaminants at RMA and at other installations requiring subsecuent 
survey; determine knowledge gaps in analytical technology which need to be 
addressed by research, modification, and verification efforts; and recommend 
to the Program Manager for Installation Restoration (FMIR) programs, 
outlining time/cost/manpower requirements, to fill these knowledge gaps.

(2) Integrate the overall technical efforts of the several agencies 
involved in analytical technology.

(3) Monitor approved and funded analytical technology programs to assure 
that analytical procedures and equipment used for defining the contamination 
profile (before and after decontamination) are acceptable from the stand
point of economics, speed, precision, accuracy, and reproducibility, and 
assure that such programs are in compliance with statuatory and regulatory 
requirements.

(4) Insure the developnent and administration of an extensive quality 
control program which will insure reliable analytical results.

Draft copies of approved methods concerning the analytical requirements for 
the Installation Restoration Program at Pine Bluff Arsenal can be obtained 
from this committee at Project Manager for Chemical Demilitarization and 
Installation Restoration, ATTN: DRCFM-DRR, Aberdeen Proving, iviD 21010.

d. Standing Operating Procedure Number 74-21, Spill Reaction Plan for
Oil and Hazardous Substances, 18 Apr 75. A copy of this report can' be 
obtained from: Coenander, Pine Bluff Arsenal, ATTN: SARPB-FAE, Pine
Bluff, AR 71611.

e. Standing Operating Procedure Number 71-9, Preparation of Plans ydProjects - Natural^Resources, Land, Forest and Wildlife Managanent, Roads 
and Railroads, 50 Oct 74. A copy of this report can be obtained from: 
Commander, Pine Bluff Arsenal, ATTN: SARPB-FAE, Pine Bluff, AR 71611.

f. Sumtapr of l^blic Laws Related to Pollution Abatement: The first
public law (PL 92-500) relates to traditional water quality parameters such 
as pH, suspended solids, biochemical oxygen demand and oil and grease with 
a statement on toxic substances which is the basis for an early study on 
potential contaminated areas. This public law will be met in 1979 through 
on-going construction.

The second public law (PL 95-95) deals with air quality which, like the 
initial public law, will be met in 1979 through ongoing construction.

The third public law, 92-500, 40CFR, part 129, Toxic Pollutant Effluent 
Standards, applies to our current DDT problem with rules published in the 
Federal Register on 12 Jan 1977 stating that DDT will cease to be discharged 
(zero, i.e,, 10 parts per trillion) by 12 Jan 1978. Additional rule making

rr-



under this act vd.ll likely continue and may include up to 165 new chemicf.... 
by 1983.

The last two public laws are new and PEA is attempting to understand 
these public laws as they apply to Pine Bluff Arsenal by requesting funds 
for study, design, alteration, or construction of new facilities to meet 
these criteria.

There have been a total of four public laws passed by Congress to date 
which apply to pollution abatement efforts at Pine Bluff Arsenal and are 
listed as follows:

(1) The Federal Water Pollution Control Act of 1970, as amended 1972,
PL 92-500 CNPDES Permit)

(2) Clean Air Act Amendments 1977 - PL 95-95
(3) The Federal Water Pollution Control Act of 1970, as amended 1972,

PL 92-500, 40CFR, Part 129, Toxic Pollutant Effluent Standards (DOT)

(4) The Toxic Substances Act - PL 94-469

(5) Solid Waste Disposal Act - PL 94-580

g. DOT Containment Project: The survey (la, above) indicated that
DOT, heav)'’ metals and t’hospnorus were the major problems at PBA.

Since DDT was the major problem, a program was initiated in late 1975 
and completed in 1977 to reduce the level of migration of DOT off-post 
using the existing standards in the literature. Blue gill fish were used 
as the test organism for aquatic life and the goal of the project was to 
not exceed the concentration of 0.05 of the 96 hour TIJ^^q. To accomplish 
this task. White Creek was diverted around the landfill in the south area 
and Triplett Creek in the north area was diverted upstream away from the 
major contaminated areas. In the south area, the old landfill was resealed 
with clay, covered with topsoil and reseeded with grass. In the north 
area, large areas of ground were covered with crystalline DOT up to five 
inches thicK around the old production buildings and had washed into 
Triplett Creek and contaminated the creek the full length and into the 
Arkansas River. In the north area after stream diversion, retention basins 
were constructed prior to pickup and burial of DOT in three areas to avoid 
a high discharge of DDT into the Arkansas River during the rainy season 
which was concurrent with the cleanup effort. The areas were sealed with 
clay, covered with topsoil and reseeded with grass. No attempt was made 
to clean up the same ten miles of stream bed which make up both creeks since 
this would have been very costly and was not required to meet the 96 hour 
Tl^l50 for blue gill fish. In brief, once the source had been eliminated, 
natural silting would have sealed the streams to the extent the test 
criteria could be met. The above tasks in both the north and south areas
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are complete and were accomplished with Arsenal technical staff and lab'.

h. Public Law 92-500, 40CFR, part 119 (DDT - Zero Discharge): Pine
Bluff's most immediate problem is Riblic Law 92-5(J0, 40CFR, part 129, 
which limits discharge to zero by 12 Jan 1978. Due to the complex nature 
of a problem dealing with such low lev^els of discharge (10 parts per 
trillion), that is one drop in 13,000 gallons, two contractors were 
retained to establish various engineering alternatives and their cost to 
meet the standard and to identify the level of DDT in the environment 
around and entering Pine Bluff Arsenal. These low levels were suspected 
of being in the area since DDT had been used by the private sector for many 
years. These studies will be completed in early December 1977 with some 
decision as to a course of action being developed and forwarded to EPA. 
Preliminary background studies have been accomplished by PBA which indicate 
that rain water contains 325 parts per trillion (ppt), the Arkansas River 
both up- and downstream, 189 ppt, and sediment in the river both up- and 
downstream approaching 1 million parts per trillion. DDT is soluble in 
water at 3,000 ppt with sediment continually mixing with water on occasion 
to allow the water to reach this level. The initial PBA task was to deny 
this contact between water and sediment containing crystalline DDT.

i. Ecology Program: An overall PBA Ecological Program is being
developed tmder contract with Battelie-Columbus Labs to insure that future 
discharge from active production sources does not continue to impact on the 
environment. Program outline may be obtained frc^m Commander, Pine Bluff 
Arsenal, ATTN: SARPB-ETD, Pine Bluff, AR 71611.

j. Installation Restoration Program: In early 1976, the Army assigned
a program manager to help installations such as Pine Bluff Arsenal, with 
migration problems (from inactive production sites) at the boundary/off-post 
interface for both surface and subsurface. Currently, a preliminary inves
tigation of the contaminant situation covering all materials identified in 
the initial survey is in progress. This initial program will be completed 
during 1978 with recommendations being available after that time. Information 
on this program can be obtained from the Project Manager for Chemical 
Demilitarization and Installation Restoration, Aberdeen Proving Ground, MD 
21010.

k. PBA Supplement 1 to AMCR 11-5 - I^vironmental Enh^cement ^d 
Pollution AbatCTenT: The document provides a list of Environmental Impact
Assessments, Pollution Guidelines for Directors of various operational 
units and examples of actions requiring coordination with the PBA Environ
mental Coordinator.

T-8



l. Contract for Use of PBA Facility to Manufacture DOT by Private
Contractor: Efforts should continue to locate contracts thougnt to bein
CE files in either Fort Worth or Little Rock. Records have not been found 
at PBA.

m. Interviews: Efforts should be made to interview the following
people:

CD COL Lovelady: office phone -
home phone - -
Little Rock, AR

Job: Production Foreman in DDT Plant

(2) Dr. William Trigg - Arkansas Tech, Russellville, AR
Department of Oiemistry

Job: Haul waste to pits from DDT Plant
(3) Mr. Hickerson - Altheimer, AR

Job: Haul waste to pits from DDT Plant
n. Phosgene was stored in TSY. Also, demil and transfer operations 

occurred here.

o. GB, VX were never held in TSY but were stored in igloos in 
ammunition stor-ge areas.

p. Mustard shells have been found in area along Arkan'-^s River in 
area noted 1 in 11-14.

q. Building 53-990 was leased to a paper bag conpany during the 1950's 
and 60's.

r. Building 50-510 was leased to an ink manufacturer in early 1960's.

T-9
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APPENDIX U
INSTALLATION RESTORATION ACCOMPLISHMENTS 

AS OF OCT 79

The records research program documented in this report was the first 
step in identifying probable areas of contamination at PBA. Since 
this report identified a number of contaminated sites, programs were 
initiated to (a) develop a contamination profile in groundwater, sur
face water, soil and sediment, and (b) to develop and implement cor
rective measures to prevent actual or potential off-post contaminant 
migration. A brief discussion of each follows:

a. Contaminant Profile. Thousands of samples have been collected 
and analyzed from groundwater, surface water, soils and sediments. The 
results are being entered into an Installation Restoration data base. 
Preliminary checks indicated that there is no off-post migration of 
contaminants in excess of EPA standards, that there are currently high 
levels of chlorides and sulfates in some on-post groundwater monitoring 
wells, and that there is nonmigrating contaminated soil present on the 
installation. All scheduled sampling and analysis activities required 
to complete the installation contamination profile were completed in 
September 1979. During FY80, a comprehensive analysis will be made of 
the types, locations and concentrations of each contaminant. Specific 
attention will be given to any results indicating that a compound(s) is 
in excess of EPA standards, and to those with migratory potential, (i.e., 
present in water or sediment).

b. Migration Containment. Preliminary surveys indicated that DDT 
and arsenic were being carried in the sediment of Phillips Creek and 
White Creek toward the Arkansas River. To correct the problem, the 
following actions were taken:

(1) In the southern part of the Arsenal, where DDT had been 
dumped in an old landfill, a stream (White Creek) was diverted around 
the landfill, and the landfill itself was covered with clay, compacted, 
surfaced, sloped, topped with fertile soil, grassed over, fenced off 
and posted with protective signs.

(2) In the northern part of the Arsenal, where the DDT had been 
manufactured, more extensive preparatory measures were necessary. Three 
sediment retention basins were constructed, each downslope from a major
DDT deposit. A small tributary of Triplett Creek, upstream of the deposits, 
was diverted some 800 feet to a neighboring tributary to reduce the scope- 
requirement for the third basin. Then the crystalline DDT material was 
scooped up and placed in the hydraulically-sealed foundations (basements)

U-2



of previously razed buildings located nearby. Finally, the;,e DDT-filled 
basements were sealed off with clay, and otherwise treated like the land
fill in the south. While the basements were large enough to accept the 
crystalline and concentrated DDT material, a large volume of contaminated 
soil was also loosened by the scooping and grading. This contaminated 
dirt was gathered onto the property adjacent to the old manufacturing 
site and there covered with clay, in the manner of the other sites.

(3) White and Phillips Creeks are monitored monthly. The 
actions described above have been effective in preventing any further 
off-post migration. Although greatly reduced, some contaminated sediment 
is still moving slowly down Phillips Creek. To stop all remaining mi
gration, 3 additional basins have been designed and an MCA request for 
funds submitted to permit construction in FY82.

A complete final report documenting the results of the 
contamination survey and the corrective measures taken to eliminate 
DDT and arsenic migration problems will be prepared by April 1980.

2
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, grvasiveness of the natural clay stratum that will be and P
h lower boundary and depth to water table and gradient. Borrow 

as t e
for low permeability cutoff or slurry trenches and a clay cover 

,,:erials °

chetaical ly
resistant to materials encapsulated are also required,

4.
Site Discussions

imroduction

Results of geotechnical investigations are presented in the following 

ice discussions. Discussions of site lOA and 20A represent the results of 

detailed investigations at these sites. Investigations at these sites have 

been completed with exception of drilling beneath the final dike alignment 

on site 20A to confirm the existence and determine the depth to the top of 

the clay stratum which forms the lower boundary in an encapsulation scheme. 

Discussions of the remainder of the sites represent the results of the 

preliminary phase of investigations.

SITE 2, WEBSTER ROAD TEST SITE

1. Site Description. The Vfebster Road Test Site is an abandoned test site 

for DM, CN, and manganese grenades. DM, also known as adamsite, is an 

arsenic-based vomiting agent. CN is tear gas. The site is located on 

Webster Road near the intersection with McCoy Road and is just south of the 

BZ demilitarization facility currently under construction. The location is 

shown on the vicinity map, plate X-1, and site plan, plate X-2. The



sice.

j^re-

at app^

Burning

oxiraate elevation 236, is very small and covers less than k 

appears to have been confined to a small portion of the site.

ations. The site was investigated with nine 5-foot and one 

holes. Also, good geologic information was available from the_^0-foot auge
Disposal Facility site investigation, just to the northwest of

Che site 

old AEHA

Boring

Although groundwater monitoring was not required at Site 2, an 

monitoring well exists approximately 50 feet from the burn pile, 

locations are shown on the plan of explorations, plate X-2.

3. Results.

a Contamination. Contaminants found at Site 2 include lead, zinc, 

mercury, barium and arsenic. The toxic contaminants, lead, arsenic, and 

mercury were found above background levels in only 3 holes,(1, 2, and 10). 

Values of contaminants in the burn material were arsenic: 300-700 mg/kg, 

mercury: 96 mg/kg, and lead: 80-400 mg/kg. Holes 1, 2, and 10 encountered 

burn material and contaminated soil. The maximum depth to which 

contamination was detected was 6 feet. Hole 8 encountered 6 inches of a 

possible burn material but only elevated levels of zinc were found. About 

100 cubic yards of contaminated material are estimated to exist at Site 2. 

Results of the EP toxicity tests show the material to be a non-RCRA waste.

b. Stratigraphy. The Jackson Group was found in the borings near site 

2, including core holes on the runoff control project, monitoring wells for 

the North Oxidation Pond, and auger holes for the BZ project. However, the 

Jackson could not be recognized in the 40-foot hole drilled at site 2. At



least

:la>-s

pper 10 to 20 feet at the site consist of terrace deposits. The 

all low plasticity and contain 30 to 40 percent sand. Liquid 

all under 27.
limits are

Water Table. The permanent water table is about elevation 200,

eently to the east. No groundwater was encountered in any of sloping very b

borings drilled at the site.

SITE 4A. 504TH STREET BURNING SITE

^ qite Description. The 504th Street Burning Site is a 5-acre burning 

site north of Site 29 as shown on the location map. According to the 

literature, "explosives and related wastes” were burned here. There is no 

description of the types of explosives Involved, but because of the 

proximity of the site to the lewisite and mustard operations, there may have 

been some burning of rounds containing these agents. A large burning area 

bOO feet by 300 feet exists where most of the activity occurred. The 

surface is covered with oxidized metal and scattered pieces of burned 

thermite. No vegetation exists in the burn area. The thermite was used to 

produce an intense fire which melted the metal. On the north end of this 

area is an elongated pond which leads into a drainage ditch that drains to 

the north. The pond is a filled-in pit containing rusted 55 gallon drums, 

railroad ties and other debris to a depth of 10 feet. To the east of this 

burn area are three smaller areas devoid of vegetation and some scattered 

rubble in the woods.



2.
Tnvestigations. Seventeen auger holes from 5 to 40 feet deep were

drilled at Site 4A. The auger could not penetrate the metal in the 

northeastern portion of the site and it was necessary to use a backhoe to 

j-efflove the burned material. Nine backhoe pits were excavated. Four of the 

were deepened by augering and 5 of the pits explored the deep fill area 

near the pond. All borings are shown on the plan of exploration, plate X-3.

3. Results.

a. Contamination. All of the burn material samples tested show high 

levels of lead (100 to 300 mg/kg), zinc (400 to 2700 mg) and barium 

(180-7400 mg/kg). However, zinc is not a RCRA listed toxic metal. This 

material varied from 1 to 4 feet in thickness. None of the soil samples 

below the burn material, however, show any contamination. About 7500 cubic 

yards of burned material is estimated to exist at the site. The filled-in 

pit beneath the pond contains mostly rubble mixed with some gray-colored 

soil and covered with about 1 foot of soil. This material was not sampled 

for testing. About 4000 yards of rubble is estimated to exist beneath the 

ponded water. Three open areas exist northeast of the burn area. These 

areas have no vegetation and were explored by holes 14 to 17. Laboratory 

results show that they are not contaminated. Approximately 12,000 cubic 

yards of contaminated materials and rubble exist at Site 4A. Results of EP 

toxicity tests shown the material to be non-RCRA waste. Although the 

groundwater has not been sampled at Site 4A, one water sample from the pond 

and 2 from the stream flowing out of the pond have been tested and contain



Q 06 to 0.08 mg/1 arsenic and 0.04 to 0.06 mg/1 lead. The drinking water 

ndard for both of these contaminants is 0.05 mg/L.

Stratigraphy. Site 4A rests on residual overburden developed on the 

Jackson clay-shale. The top of the clay-shale varied in depth from 1 foot 

in boring 17 to 16 feet in boring 1. In most borings (including boring 1) a 

low plasticity clay extends from the top of the Jackson to the ground 

surface (or base of the burn material). As shown on the geologic section, 

several borings have some silt and clayey sand above the Jackson, especially 

holes 5 and 12. A geologic section for Site 4A is presented in plate X-3.

c. Water Table. The permanent water table is about elevation 270 and 

slopes steeply to the north. Perched water is found in several of the holes 

between 0 and 2 feet in depth.

SITE 7A DEPOT STORAGE YARD

I. Site Description. The Depot Storage Yard is a 40-acre storage site 

which has been used since 1949 to store pesticides, CS, FS, and various 

decon agents. Most of these agents have been removed but approximately

II, 000 drums of FS, several thousand pounds of CS, and several cans of DS 2 

still remain. The CS and DS 2 are to be removed, but the FS, which is a 

corrosive screen smoke, belongs to the Navy Department and will not be 

removed. Building 55-320 on the east end of the Depot Storage Yard is used 

to rennovate one-ton bulk containers of blister agents. An abandoned 

concrete tank and pile of debris which emits irritating fumes is present 

southeast of the building, inside the fence. The tank, debris, and any



active

nated soil will be removed and the rest of the yard will remain 

as a non-toxic storage facility. Runon/runoff control will be

provi
ded for the entire 40-acre site.

2.
Tnvestigations. No investigations have been performed inside the TSY 

fence, although extensive explorations have been performed just south of the 

fence at sites 7B, Demilitarized Lewsite Sludge Disposal Area, 7C, Mustard 

Agent Burning Yard, and 7D, DSY Borrow Pits. In addition, seventeen 10-foot 

auger boring were drilled around the west, north and east sides of the DSY 

fence in drainages which left the Depot Storage Yard. Fourteen groundwater 

monitoring wells were installed in and around the DSY by Waterways 

Experiment Station and the Corps of Engineers, and geologic information is 

available from those. All well and boring locations are shown on plate X-4.

3. Results.

a. Contamination. The drainages leaving the DSY to the north, west, 

and east do not show contamination with the exception of the very southeast 

corner of the yard in the vicinity of the debris behind the bulk 

container-rennovation building. Elevated levels of arsenic and mercury were 

detected in the soil in these drainages and in the drainages from the south 

side of the yard.

b. Geology. Borings drilled just south of the yard indicate that the 

yard rests on terrace deposits of sand, silt, and clay. These deposits are 

about 15 feet thick on the west and 45 feet thick on the east. Clay-shale



f the Jackson Group underlies the terrace deposits. The permanent water 

table beneath the Depost Storage Yard is approximately 20 feet below ground 

surface and slopes radially to the north, east and south. Perched water 

likely occurs in the terrace deposits.

SITE 7b. demilitarized LEWISITE SLUDGE DISPOSAL AREA

<;ite Description. Site 7B, an abandoned demilitarized sludge lewisite 

disposal area, consists of an unlined 4-acre drained lagoon adjacent to a 

small creek, a tributary to Phillips Creek. A white limy sludge measures as 

deep as 7 feet in some places in the old lagoon. Some of this material has 

been transported downstream and is found in the banks and in the bed of the 

small creek. The white sludge is demilitarized lewisite sludge. Lewisite, 

a chlorinated arsenic blistering agent, was rendered inert by treatment with 

supertropical bleach, a lime compound with 30% available chlorine. The site 

lies between the elevations of 244 and 250. Drainage is to the south and 

east. Vegetation is nonexistent or severely distressed in the drained 

lagoon area and in the streambed 500 feet downstream of the site. Runoff 

from the site will enter the surface Impoundment once the FY83 Runoff 

Control Project is complete.

2. Investigations. Four monitoring wells, 62, 128, 129, and 130 have been 

installed in the vicinity of Site 7B. Eighty-seven shallow auger holes 

varying in depth from 3 to 22 feet have been drilled at the site. The holes 

are located around the perimeter of the site and through the sludge into the 

soil beneath the site. Additional holes were drilled in the stream adjacent 

to and downstream of the site to the axis of the Runoff Control embankment.



shallow

iludge

holes were drilled for the purpose of establishing the thickness 

and obtaining soil samples for determining the depth of

Xwo 40 foot core holes (103 and 104) were drilled, for the
.oncaminatio"-

of establishing the geology of the area. All well and boring 

shown on plate X-4.
purpose 

locations are

3, Results_^

a, Contamination.

(1) General. The major RCRA-listed contaminants at Site 7B are 

arsenic and mercui7, which are found in the demilitarized lewisite sludge 

and in the soil beneath the sludge. This sludge has a pH of 11.5 to 12.8, 

arsenic concentrations as high as 13,000 mg/kg and mercury concentrations as 

high as 4,440 mg/kg. Mercury was used as a catalyst in the lewisite 

aanufacturing process and was disposed of along with the demilitarized 

lewisite. The soil beneath the demilitarized lewisite is contaminated to an 

average depth of 3 feet with arsenic concentrations as high as 1,300 mg/kg 

and mercury concentrations as high as 17,000 mg/kg. Several of the borings 

adjacent to, but outside the demilitarized lewisite sludge area show 

contamination in the upper 1 to 2 feet, and some show no contamination at 

all. EP toxicity tests were performed on samples of the sludge and 

underlying soil. The sludge did not exceed the RCRA limits (probably 

because of its high initial pH), but the soil beneath the demilitarized 

lewisite sludge contained both mercury and arsenic above the RCRA limits.



(2) Volumes. The sludge is present over approximately 4 acres, and

7 feet in places. An estimated volume of 23,000 cubic yards 

, as %
, lewisite sludge remains at the site. An estimatedChe denulit^r^"

ds of contaminated soil is present beneath the sludge.
;0.000 cubic yar

TOO cubic yards of contaminated soil is present in the streambed
Another >

T 000 feet downstream of the site An isopach of contaminated 
in the fu^sc o,

1 at Sites 7B, 7C, and 7D is presented in plate X-5.

(3) Groundwater. The water table is at approximate elevation 240

of the site. It generaly conforms to the surface topography, over oosc u*.
loping toward the south and east. The gradient is approximately 20 feet 

per mile. The stream draining the lewisite area intersects the water table 

and groundwater occurs in the demilitarized lewisite sludge. Groundwater 

contamination data from the monitoring wells, which are not located inside 

Che actual disposal area at the site, does not indicate groundwater 

contamination with arsenic or mercury. Well 62, which is upgradient to Site 

7B, had arsenic, barium, chromium, lead, mercury, and selenium detected at 

least once during the first five sampling rounds. Drinking water standards 

were exceeded on arsenic, lead, and selenium at least once in this 

upgradient well. The downgradient wells, 128, 129, and 130 had minor 

amounts of all 8 RCRA listed toxic metals in at least one well sometime 

during the sampling period. The drinking water standards were exceeded at 

least once for lead in all three wells and for selenium in wells 128 and 

129. It appears that the contamination found in the ground water both 

upgradient and downgradient of the site is part of the overall contamination 

of the area and not resulting from the demilitarized lewisite sludge and 

®ercury disposal operations. However, groundwater flowing through the



area
ithin the streambed downstream of the site.

clay

gfratigraphy. Site 7B rests on terrace deposits of sand, silt, and 

LOW plasticity clay, with liquid limits of 30 to 40, is 5 to 10 feet

hick beneath the demilitarized lewisite. Clay-shale is about 8 feet deep 

^ the western edge of the site and drops off to about 25 feet deep at the 

astern end. The clay-shale is interbedded with uncemented to weakly 

cemented sandstone and is probably similar to the clay-shale encountered at 

the FY83 landfill. Geology is shown on sections B-B to D-D, plates X-6 and

X-7.

SITE 7C, MUSTARD AGENT BURNING YARD

Site Description. The Mustard Agent Burning Yard is located on the 

banks of a small intermittent creek, a tributary to Phillips Creek. The 1/2 

acre site is covered by a layer of ash and demilitarized nustard residue.

The materials emit irritating fumes. Laboratory analysis of the residue 

indicates a pH of 0.5 to 1.2 and elevated levels of arsenic, mercury, and 

lead. A limited amount of mustard still exists at this site. The site is 

flat at approximate elevation 251. There is no vegetation in the area where 

a visible ash residue exists. Vegetation grows with no evident distress 

outside the burn area. Drainage is to the west in a channel located just 

north of the site. An abandoned contaminated sewer entered this drainage 

just north of the pile of nustard residue. The sewer line carried 

contaminated material from the bulk container-rennovation building at the 

east end of the DSY, during the period of time when mustard and sodium



.ntainers.ntainers were rennovated. Runoff from the site will enter the

impoundment once the FY83 Runoff Control Project is complete,

I -„cripations. Four monitoring wells, 132-135 were installed around

Wells 132 and 135 are upgradient to the site and wells 133 and 134site /t--

downgradient to the site. One 20-foot and two 10-foot deep auger holes 

e drilled through the mustard residue. Eighteen shallower auger holes 

e drilled in the edges and around the outside of the obvious mustard 

esidue and ash in the drainage to the north and west of the site, and in 

areas of apparent contamination in the vicinity of the site. One 60 foot 

auger hole was drilled just east of the site to establish geologic 

conditions. A sediment sample was taken from the mustard residue pile. 

Sediment samples 13, 14, 15 and a water sample were taken from the areas 

where runoff from the Depot Storage Yard enters the 7C area from culverts. 

All boring locations, well locations, and sample loations are shown on plate 

X-4.

3. Results.

a. Contamination.

(1) Demilitarized Mustard Pile. Low concentration of mustard were 

found from depths of 1 to 4 feet in boring 3 through the middle of the 

demilitarized mustard pile. Pine Bluff Arsenal's Technical Escort 

personnel conducted a drilling and sampling operation around this hole in 

order to define the area containing mustard. Results of this investigation 

ere not yet available. A conservative estimate of the quantity of material

£



orard is 175 cubic yards. The only heavy metals in the samples
ning

those
containing imstard are lead, arsenic, and mercury. Arsenic and

^generations

not found as deep as the mustard, but lead is present in 

of 20-40 mkg/kg some 4 feet below the nustard residue. A

sanpl®®

from the mustard pile had 120nig/kg arsenic and 35 mg/kg lead. The 

were tested for sulfur at a commercial lab, because sulfur is

present m mustard byproducts and should be a good indicator of mustard 

j.nrit The residue was nearly 90% sulfur and the percentage decreased
pyproaucuo•

0 background levels with depth. An estimated volume of 900 cubic yards of 

ouscard residue and soil with elevated concentrations of lead are present in 

and beneath the mustard burn pile An isopach of contaminated soil at Sites 

76, 7C, and 7D is presented in plate X-5.

(2) Area North and Northwest of Demilitarized Mustard Pile. 

Concentrations of arsenic above background levels (10-600 mg/kg) and mercury 

(2.0-500 mg/kg) were found in the holes located in the drainage northwest of 

Che nustard residue pile to the maximum depth of the holes as well as in the 

vicinity of the southeast corner of the DSY fence. An estimated volume of 

11,000 cubic yards of soil contaminated with arsenic and mercury are present 

in this area. The high values of arsenic in well 135 suggest that 

contamination is present to some depth. The source of arsenic and mercury 

in the soil and groundwater is probably the contaminated sewer from the bulk 

container rennovation process inside the DSY.

(3) Groundwater. The water table is at approximate elevation 240 

over most of the site. It generally conforms to surface topography, sloping 

toward the south and west. The gradient is approximately 20 feet per mile.



,ll
wells in the vicinity of site 7C have shown lead and/or 

concentrations above the drinking water standards. Table 1

5JB0® rizes
the contaminants in excess of the National Interim Primary

^11 ^

vIPDWR
gtandard

132
132
132
132
133 
133 
133 
13 3
133
134
135 
135 
135 
135 
135 
135 
135

Water Regulation (NIPDWR) Standards.

TABLE 1

SITE 7C-SUMMARY OF CONTAMINANTS IN EXCESS OF NIPDWR* STANDARD 

Concentration in Milligrams/Liter 

Arsenic Cadmium Lead Selenium Silver

.05 .01 .05 .01 .05
Date

28 Jan 82 
14 Apr 82
29 Jun 82 

7 Sep 82
28 Jan 82 
14 Apr 82
29 Jun 82 

7 Sep 82
12 Jan 83 
21 Apr 82
27 Jan 82
28 Jan 82
30 Mar 82
13 Apr 82 

3 Jun 82 
7 Sep 82 
1 Dec 82

.066

.490

.083

.270

.059

.82
3.31

15.6
22.7 
8.6

20.6
21.2

.012
.08

.06

.07

.07

.07

.07

.098

.07

.024

.033

.040

.037

.021

.06
.048

.045

* National Interim Primary Drinking Water Regulation

Well 135 has an average concentration for arsenic of 13.1 mg/1, which is 

250 times the drinking water standard. Groundwater contamination does exist 

in the vicinity of site 7C. The high concentrations of arsenic in well 135 

Suggests that the arsenic contamination is coming from the contaminated 

sewer outfall in the drainage north of the actual mustard residue pile.



mage-

^gsts. EP toxicity tests were performed on residue and soil 

the demilitarized mustard burn pile and a soil sample from the 

All heavy metals contents were below RCRA limits.

<^t'-«tieraphy. Site 7C rests on terrace deposits of sand, silt and 
b • —■—- "

silt layer from 1 to 3 feet thick is present directly beneath the
;;ay. A

burn pile. A low to medium plasticity clay layer at least 6 feet
jystat

nd as much as 11 feet thick underlies the thin silt layer. Liquid 
jTick an

of the clays very from 30 to 55. Sands and silts underlie the clay
ilBitS O

atma Clay-shale of the Jackson formation is 42 feet deep beneath the 

round surface. Geology in the area is shown on section GG which is located

on plate X-8.

SITE 7D-DSY BORROW PITS

1. site Description. The Depot Storage Yard borrow pits consist of 2 pits 

and surrounding area as shown on drawing X-4. These water-filled pits are 

about 50 feet wide and 400 feet long and are located south of the DSY fence 

between Sites 7B and 7C. The borrow pits were a source of material in the 

construction of the DSY. Some runoff from the DSY is collected by the 

pits. During and after the second world war, mustard and lewisite munitions 

were buried in five pits just east of the northern borrow pits. In 1955, 

these munitions were exhumed and demilitarized, and soil graded back in 

place. Deep contamination, strong organic odors, and buried demilitarized 

oustard rounds remain in this area. The elevation of the ground surface 

around the pits is about 242, and the water surface is 241.8, which is at or 

''ery close to the permanent water table. Vegetation does not grow in the



areas to the east and west of the pits. The pits are connected during

j.j.ods of high water. Runoff from this area will be within the FY83 runoff 

project.

2 Tnvestigations. Four monitoring wells have been installed in the 

vicinity of site 7D (129, 130, 131, and 64). Fifteen holes, 5 to 25 feet 

deep were drilled around and to the east of the borrow pits and one 40 foot 

auger hole was drilled to establish geologic conditions. Sediment samples 

have been taken from the borrow pits in 4 locations. Sediment samples were 

also taken from a culvert draining from the DSY into the 7D area. Water 

samples have been analyzed from both borrow pits. All sampling locations 

are shown on plate X-4.

3. Results.

a. Soil Contamination. Two separate areas of contamination have been 

identified: one east of the borrow pits in the vicinity of the old mustard

and lewisite disposal trenches and one on the north shore of the 

northern-most borrow pit. The major RCRA listed comtaminants in both 

contaminated areas at site 7D are arsenic and mercury. The source of these 

contaminants on the north shore of the northern borrow pit is not known, but 

must have come from nearby undocumented operations. In the area east of the 

borrow pits, arsenic is present above background concentrations and as high 

as 280 mg/kg to a depth of 7 feet in hole 93, greater than 5 feet in hole 89 

and greater than 10 feet in hole 90. Mercury is present in concentrations 

as high as 300 mg/kg to a depth greater than 10 feet in hole 90. Hole 106 

is north of the borrow pits in an area where a strong chemical odor is



T
pregent and has arsenic in concentrations as high as 500 mg/kg to a depth of 

least 5 feet. Sediment samples from a drainage leading into the area

^gje tested and found to have concentrations of 44 mg/kg arsenic, 123 mg/kg 

lead, ati'i mg/kg chromium. An estimated volume of 35,000 cubic yards of 

j-ontaminated soil is present east of the borrow pits and 100 cubic yards of 

j-ontaminated soil is present north of the northern borrow pit. An isopach 

of contaminated soil at Sites 7B, 7C, and 7D is presented in plate X-5..

b. Sediment in Borrow Pits. Four sediment samples from the borrow pits 

yere analyzed (SD-1, 108, 109, 110). None of the heavy metal concentrations 

were above background levels. Results of a gas chromatograph-mass 

spectrometer scan on a semiment sample found no organic compounds, other 

than a trace of dibutyl phthalate, a common plasticizer.

c. Water in Borrow Pits. A water sample was taken from the east end of 

each borrow pit and analyzed. No heavy metals were present in excess of 

drinking water standards.

d. EP Toxicity Tests. EP toxicity tests were performed on several 

samples and are below RCRA limits.

e. Groundwater. The water table is at approximate elevation 240 over 

most of the site. The gradient in the immediate area is toward the trenches 

from the north, east, and west and away from the trenches toward the stream 

to the south. The gradient is approximately 20 feet per mile. Groundwater 

contamination in the wells around Site 7D is minor. Unfortunately, none of 

the wells are truly downgradient of Site 7D. Table 2 summarizes the

B
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about 10 feet deep and the waste piles below the trenches are

pproximate elevation 225. The permanent water table is at elevation

jO Spent casings, disarmed grenades, chemical rocket propellers, and 

debris such as wood crates were previously stored on the surface of
jchet 

Che
site. All surface debris was removed from this site and hauled to an

appt
oved off-site hazardous waste landfill as part of an emergency service

.ontract in February, 1984.

, Tnvestigations.

a. Preliminary. Before current investigations began at Site lOA, 57 

shallow borings had been drilled for the 1973-1975 Contaminated Area Survey 

Project. Soil from these borings was tested for heavy metals, DDT, and 

other contaminants. In 1981, one upgradient and nine downgradient wells 

were installed at the site to monitor groundwater around the burn trenches 

as well as the Bombing Mat. Water from these wells is regularly tested by 

the Array Environmental Hygiene Agency (AEHA) for selected parameters. None 

of the soil samples from these preliminary studies were classified in the 

laboratory, but field identifications of the samples from the monitoring 

wells were made. The downgradient wells are shown on plate X-9.

b. Auger sampling. Thirty seven auger holes were drilled at the site 

during the fall of 1983 at locations shown on plate X-9. Two additional 

holes (holes 1 and 2) were drilled north and west of the bombing mat to 

establish background heavy metal concentrations. Holes 1 through 8 were 

drilled 40 feet deep with the remainder generally drilled 3 to 5 feet deep. 

Soil from the auger holes was described in the field and classified in the



rato^* Each run with the auger was limited to 3 feet. To prevent

ixinS
of materials or sampling material that had pulled off from the wall

hole, only the interior portion of each sample was used. Material 

g taken from the entire 3-foot sample, sealed in plastic jars and shipped 

^ ^he Corps of Engineers, Southwestern Division Laboratory in Dallas where 

jiemical and physical tests were performed. Groundwater was sampled in 

selected holes and analyzed for heavy metals. If the hole penetrated a clay 

layer, it was backfilled with grout.

0. Burned fill study. Each of the trenches was carefully inspected for 

burned material. Piles of burned material were investigated to determine 

quantities of contaminated material. Piles of soil which were most likely 

produced in the construction of the trenches were examined as well to 

determine whether or not they also contained any contaminated material.

3. Analysis.

a. Background level of contaminants. In order to define contamination, 

a background (natural) concentration for each contaminant was measured. To 

determine background concentrations, holes 1 and 2 were drilled in a 

geologically similar area as close to the site as possible but free of site 

contamination. Soil samples from the two background holes were tested for 

arsenic, barium, cadmium, chromium, lead, mercury, selenium and silver (the 

eight RCRA listed toxic metal contaminants). In addition, zinc and total 

phosphorus concentrations were determined because of their suspected 

presence at the site, even though they are not RCRA toxic contaminants. The 

mean concentration and standard deviation were calculated for each



aininant. If data is normally distributed, approximately 95 percent of

will fall within the mean plus or minus two standard deviations, 
-ha

ured concentrations which fall outside the limits of the 95 percent 

fidence interval are probably not within the normal range of background 

, Concentrations that exceed the upper limit indicate contaminationvalues*
above background levels.

Twenty-five soil samples (17 clay and 8 silt) were tested from the two 

background holes at Site lOA. Contaminant concentration levels in clay 

differed very little from those in silt so mean concentrations and standard 

deviations were calculated using combined clay and silt data. Although this 

method will effectively identify material contaminated above background 

levels, the background concentrations were found to be too low for use in 

determining the practical limits of contamination for removal at Site lOA. 

Upper limits of the 95 percent confidence interval for background 

concentrations at Site lOA yielded extremely low levels. Using Site lOA 

background data to determine contamination would result in the removal of 

soil that is not considered harmful to the environment. Therefore, only the 

materials with contaminant concentrations above levels that are considered 

harmful to the environment will be contained or removed in the closure of 

Site lOA. These "cleanup limits" are higher than the upper limits of the 95 

percent confidence interval for Site lOA background concentrations but are 

lower than the background values found for the same contaminants in clay at 

Site 20A, the South Burning Pit on Pine Bluff Arsenal. The results of the 

upper limit of the 95 percent confidence interval for each contaminant found 

at Site lOA, and proposed clean-up limit to be used for closing this site 

are given in table 3.



TABLE 3

BACKGROUND SOIL CHEMISTRY
(All values in mg/kg)

SITE 10
Upper Limit

of 95% ConfidenceBackground
Mean Interval (1) Cleanup Limit

An upper limit of the 95 percent confidence Interval was not calculated 
for chemicals which were below minimum reported values in the background 
holes.

(2) Since these contaminants are not RCRA toxic contaminants, cleanup limits 
are not required.

b. Determining depth of contamination.

(1) Method. The depth of contamination was determined by comparing 

the measured concentration of contaminants with background levels. The 

depth to which soil would be contained or removed in the clean up of Site 

lOA was determined by comparing the measured values of each contaminant with 

the proposed clean-up values presented in table 3. With the results plotted 

in this manner, the depth of contamination and the depth of soil to be 

contained or removed is easily determined.



. jr'-

Procedure for determining laboratory tests. Samples from holes 

^jere tested for lead, zinc, barium, arsenic, chromium, cadmium.

,ien lUffl,

bariu®

silver, mercury and total phosphorus. Based on the results, lead 

were found to be the contaminants which best indicated the limits

»as

co

d se
verity of contamination and were selected for further testing. Zinc

found to be present in concentrtions above background levels and found

j,e more mobile than the RCRA toxic heavy metals. EP toxicity tests were

formed on a burned debris sample from hole 3 and on a soil sample from 

^ 13 which had been found to have the highest total ion concentrations of

lead and barium. Neither of these test results exceeded the limits for EP 

toxicity set forth in RCRA. Test results are given in table 4.

JIABLE. 4_

EP TOXICITY RESULTS 
(Values in mg/1)

Sample # Depth As Ba Cd Cr Pb Mg Se Ag

(RCRA Limit) 5.0 100.0 1.0 5.0 5.0 0.2 1.0 5.0

10.3
Jar 2 0.2-1.0
(Burned debris)

0.001 0.6 0.15 0.01 0.24 0.0001 0.004 0.01

10-13
Jar 1 2.0-3.0
(soil)

0.001 0.5 0.01 0.01 0.10 0.0001 0.004 0.01

(3) Groundwater Contamination. Groundwater encountered at Site lOA 

belongs to the Jackson/Quaternary aquifer. This aquifer generally yields 

small amounts of low quality water and is not used for any water supply 

purpose in the vicinity of the arsenal. Drinking water in the area is 

supplied from the Sparta Sand which is about 600 feet below the site and is 

separated from it by low permeability Jackson and upper Claiborne groups.
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ndwater samples from the 10 monitoring wells and from 8 auger

shown no heavy metal contamination above drinking water standards

jcing
the groundwater.

was performed on the monitoring wells in the Immediate vicinity

trenches (monitoring well numbers 141, 142, 143, and 144). Well 144

-jd a
water level approximately one foot higher than the water level in the

j:her
wells and was considered the upgradient well. Using a Student’s T

test.
the wells downgradient of well 144 did not show significant increases

j specific conductance, pH, total organic carbon, and total organic halogen 

t the 95 percent confidence interval. Therefore, the trenches and related 

contaniination are not contributing to groundwater contamination in the area.

c. Contamination Results.

(1) Trench Contamination. The majority of the contamination at Site 

lOA is confined to the bottoms and west ends of the 4 northern most 

trenches. Burned material and contaminated soil from 2 to 3 feet in 

thickness was found in all but trench 1 and is also piled at the end of 

trenches 2, 3 and 5. The deepest soil contamination occurs below the waste 

pile at the west end of trench 2 for a depth of 5 feet below natural ground. 

Depths and quantities of contamination at Site lOA were found at locations as 

indicated in table 5.



Table 5

CONTAMINATED MATERIAL QUANTITIES

Depth Of 
Contamination

Contaminated Material 
(Quantity) (ydl)

Xrench

Xrench

Bottom 2' 270
sides 6" 190
burnpile 8' 1,600

bottom 3' 380
sides 6" 118
burnpile 3' 470

bottom 3' 200
sides 6" 120

bottom 2' 240
sides 6" 150
burnpile 2' 370

Total 4,100

(1) Quantities include contaminated soils and debris.

Contaminated material consists of burned debris and the soil underlying 

and adjacent to the burned debris that has been contaminated by its close 

association with the debris. Lead is the primary contaminant with the 

highest concentration being 278.8 mg/kg in hole 34. Barium is present in 

most holes but concentrations are near background levels. The quantity of 

contaminated material in the trenches and waste piles is estimated to be 4100 

cubic yards.

(2) Surface contamination. Surface contamination outside the 

trenches and waste piles only occurs in the area between trenches 3 and 4. 

Hole 7 contained concentrations of lead that were slightly above background 

levels. The remaining holes showed only small amounts of contaminants at the

32



The quantity of contaminated surface material was estimated to be 

. vards betweem trenches 3 and 4 based on an average surface material 

of 6 inches.

(3) Total amounts of Contamination. The total quantity of
3•nated material present at Site lOA is estimated to be 4700 yd ..^ncaminace

^^.-aripraphic results.

a. General. Site lOA is located on terrace deposits which consist of 

unconsolidated sands, silts, and clays, and are in excess of 40 feet thick.

geologic section shown on plate X-10 is a north-south section which goes 

through all 5 of the trenches. The section shows clay, sand, and silt 

interbedded to a depth of 40 feet. However, there does not appear to be any 

clay strata suitable for use in an in situ closure scheme.

b. Soil. The clays are generally very lean with an average liquid limit 

of 28. Some of the clays had liquid limits below 23 and were borderline 

silts. No high plasticity clays were encountered. Silts were plastic with 

liquid limits similar to the leanest clays. Sands were uncemented and 

generally silty or clayey.

c. Groundwater. The groundwater at Site lOA flows in a northeasterly 

•direction with a local gradient of about 10 feet per mile. The water table 

IS at approximate elevation 200, 35 feet below the base of the trenches. 

Perched water occurs above some of the clay beds.



SITE lOB, BOMBING MAT

Description. The Bombing Mat is a 30 acre concrete pad used for testing 

Qf various production items. The south end of the mat is a RCRA-permltted 

solid waste storage facility, currently containing HC smoke mix, incinerator 

ash, and spent munitions. These items will be transferred to the FY86 

hazardous waste landfill when it is completed. Site lOB will remain an 

active site for temporary storage of solid wastes and production testing. It 

is to be provided with runon/runoff control.

gife Investigations and Geology. Site explorations for lOA and monitoring 

wells set around the bombing mat Indicate that the mat rests on 

unconsolidated terrace deposits of sand, silt, and clay. The permanent water 

table exists approximately 35 feet below the bombing mat. Perched water 

likely occurs in the terrace deposits.

SITE 12 - OLD MUSTARD DUMP YARD

1. Site Description. Historical use of Site 12 was primarily as a burn and 

disposal area for mustard munitions. The site is adjacent to the Arkansas 

River at approximate elevation 218, just below the 100-year flood elevation 

of 220.3. Site 12 extends 2,200 feet from north to south and covers about 25 

acres. Scattered across the site are mounds and trenches which are the 

result of disposal operations. Four parallel trenches on the southern end of 

the site contain rusted munitions, residue from burning operations and 

55-gallon drums. A larger munition pile exists west of the 4 trenches. Pits 

on the northern end of the site contain the remains of tubes which held



mix for the munitions. A burn area in the center of the site covers 

ximately 60,000 square feet. A smaller burn area in the northern

.iiori
of the site covers about 10,000 square feet.

investigations. A total of 15 auger holes and 4 monitoring wells have

been
drilled as shown on plate X-11. Engineering classifications were

fformed on samples from the monitoring wells and chemical analyses are 

^plete on samples from the auger holes. Eight backhoe test pits were dug 

through the minitions pile, in the four parallel trenches, and in the 

northern pits containing rods.

3. Results.

a. Contamination. Contaminants from the site include concentrations of 

barium to 10,000 mg/kg, lead to 1100 mg/kg, arsenic to 40 mg/kg, chromium to 

280 mg/kg, and mustard byproducts. Contaminated materials include burn 

material about one foot thick, black mustard residue from 5 to 8 feet in hole 

2, approximately 2 feet of soil beneath the burn areas, and the discarded 

munition piles. A total estimated volume of 12,000 cubic yards of 

contaminated materials exist. The material is a non-RCRA waste as determined 

by EP toxicity test methods.

b. Stratigraphy. Site 12 is situated on floodplain deposits of silt and 

clay. As shown on the geologic section on plate X-11, there is a 

considerable amount of high plasticity clay near the surface over the 

northern 2/3 of the site. Preliminary investigations indicate that this clay 

extends from the southern to the northern burn areas. The top of the clay



■ iqui

vefy

approximately 5 feet below the ground surface. The clay has a 

limit of 50 to 65 and a plasticity index of 27 to 40 and should have

low permeability.

Water Table. The water table is nearly flat at approximate elevation 

20i 17 below ground surface. There is no evidence of groundwater

^^^gjjjination beneath this area from the results of 2 quarters of groundwater 

of wells at this site.

13A - McCOY ROAD BURNING S ITE_

Site Description. The McCoy Road Burning Site is a 12-acre site located 

about 1 mile west of the bombing mat on McCoy Road. It was used as a burning 

site until the late 1960's for pyrotechnic materials, particularly CN, a tear 

agent. There is a possibility that CS, a more potent tear agent, and DM, an 

arsenic-based vomiting agent, were burned here as well, but neither has been 

documented. The site is relatively flat, about elevation 245, and is 

partially grassed and partially barren. The depression which is shown on the 

inclosed site plan appears to have been largely filled in, but a small pond 

remains near the center of the site. Some regrading and covering of the site 

has apparently taken place.

2* Investigations. This site has been investigated with 15 auger borings, 5 

to 40 feet deep, drilled in and around burn areas and drainages as shown on 

plate X-12. In addition, 60 shallow holes were drilled in 1974 for the 

Arsenal's Contaminated Area Survey Project.



Con^

borings*

Lead content was generally less than 10 mg/kg. In order to be 

reas of contamination were missed, data from the 60 earlier 

examined. These investigations confirm the lack of contamination

mination. All 8 toxic metals and zinc were tested in 2 borings 

samples. Barium, lead, and zinc were tested in the remainder of 

contamination above background levels was found in either 

or the burned material, which varied in thickness from 0.5 feet to

3.j feet*

-ertain no a 

Korings was

fhis site. Therefore, no EP toxicity tests are planned. Tear gas 

ntains no toxic metals and some prior cleanup may have previously been 

performed. An estimated 105,000 square feet (2^ acres) of Site 13A is 

covered with burn material. No EP toxicity tests are planned. Two 

near-surface perched water samples were taken from both holes 1 and 2. These 

results show 0.09 and 0.08 mg/L arsenic and 0.06 and 0.02 mg/L lead 

respectively. The drinking water standard for both of these contaminants is 

0.05 mg/L. The permanent water table was not sampled and the water from the 

pond has 0.04 mg/lead.

b. Stratigraphy. Site 13A is located on terrace deposits of silty sand 

and silt in excess of 40 feet in thickness. None of the visual 

classifications showed any clay in the upper 10 feet.

c* Water Table. At the time of drilling, perched water was found in 

several of the borings between 0.1 and 2.0 feet. The permanent water table 

is deeper than 40 feet and slopes gently to the east.



_iITE_l_6A, WHITE PHOSPHORUS LANDFIU.

cite Description. Site 16A was constructed as a flow-through basin 

giving phosphorus laden wastewaters from production areas. White
fee

IS is an unstable compound which burns on exposure to thephosphorus

pnosphere. The use of the basin was terminated in 1978 and it has been 

ijbsequently covered with soil. The site is at approximate elevation 240. 

visible evidence of the landfill is a mound of earth 6 to 8 feet high.

£xisting topographic mapping does not reflect the presence of this mound. A 

small stream exists on the east side of the landfill area. The landfill area 

was originally a depression or ravine before landfill operations began. 

Vegetation grows with no signs of distress in the area. Observations of 

strong chemical reactions were made during previous drilling and sampling 

operations, and spontaneous fires have reportedly occurred at the site.

2. Investigations. Eight preliminary auger borings were performed around 

the landfill and in the small stream east of the landfill. Because of past 

reports of spontaneous fires in drill holes, the borings are located just at 

the edge of the site and do not penetrate the material in the landfill. One 

of the auger borings was 40 feet deep to establish stratigraphy, and the rest 

were approximately 10 feet deep. One 2-inch diameter piezometer was 

installed by the Waterways Experiment Station in 1977 at the northwest edge 

of the site. Water samples were taken from the stream bordering the site, 

the deep auger hole at a depth of 36 feet and the WES piezometer at a depth 

of 37 feet. Locations of the borings and piezometer are shown on plate X-13.



mritamination. The primary contaminant at Site 16A is total 
S • —

-hosP

jOO

(^orus which is not a RCRA toxic contaminant. Concentrations are above 

og/kg holes 1 and 2 to a depth of at least 2 feet. Holes 4 and 6 do

jjiow high total phosphorus concentrations. There are minor amounts of 
oo^
^ ad chromium in the upper foot of hole 1. The water sample from the 

jeain had concentrations of lead and barium above drinking water standards. 

Seither the water sample from the auger hole or the WES piezometer contained 

contaminants above drinking water standards. EP toxicity tests will not be 

performed on any of the samples because of low concentrations of RCRA toxic 

aetal contaminants.

b. Stratigraphy. Site 16A overlies terrace deposits in excess of 40 

feet thick. The terrace deposits consist of interbedded sands, silts, and 

clays. The clays are of varible thickness, low plasticity, and are 

discontinuous. Geologic sections AA and BB are presented on plate X-13.

c. Water Table. The permanent water table at site 16A is at approximate 

elevation 202, 36 to 38 feet below the ground surface. There is no evidence 

of a perched water table at this site. There is a very gentle gradient to 

the northwest.



SITE 17 - PRODUCT ASSURANCE

juch as exp

pacmption. Site 17 was formerly used for the disposal of refuse, 

ended smoke grenades and pyrotechnical devices. The dump site is

inne the shore of Yellow Lake. An erosional escarpment plunges from 
,_,;aced aioufe

eral elevation of the test range (242 feet! to the level of the lake 

2 feet). A considerable volume of debris has been dumped over the 

rpment and into the small ravines which dissect it. The debris extends 

.early to the lake margin at the toe of the slope.

2 Tnvestigations. A total of 49 auger borings have been completed at the 

site in the terrace deposits (at the top of the slope), about midway down 

the slope, m the floodplain deposits near Yellow Lake and in a suspected 

small burn area to the south. In addition, 4 monitoring wells were installed 

in 1981, 3 in the floodplain deposits and one in the terrace deposits. All 

boring locations are shown on the plan of explorations, plate X-14.

2. Results.

a. Contamination. The primary contaminants at Site 17 are lead with 

concentrations to 4400 mg/kg and barium with concentrations to 1000 mg/kg. 

both in the debris. None of the most highly contaminated samples of debris 

or soil exceeded the RCRA limits for EP toxicity. The debris is a maximum of 

^ feet thick, about midway down the slope. Soil is contaminated to an 

average depth of 2 feet below the base of the debris. One area, in the 

vicinity of holes 7 and 11 has soil contamination as deep as five feet. Hole
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contamination as deep as 6 feet. Estimated volumes of 2000

ards
waste material and 2000 cubic yards of contaminated soil exist

Another 2000 cubic yards of contaminated soil and burned
slope-

estimated to be present in isolated dump areas to the west of the
cl t ^

of the site. The suspected burn area to the south has no
pert

,„caaination.

b.
ci-ratigraphy. Low plasticity clay exists below the burn material at

-e top
of the slope to a depth of about 10 feet. The clay is similar in

and origin to the clays at Site 10. The clays are borderlineappearance
•ay/silts and are not of low enough permeability to be of use as a lower 

-jundary tn an encapsulation scheme. Low plasticity clays are present at the 

•oe of the slope from a depth of 3 to 7 feet. Geologic sections are 

-resented on plates X-14 to X-16. Although these clays are of a more 

suitable nature than the terrace deposit silty clays, the thickness of 4 feet 

.5 not considered adequate for use as a lower boundary in an encapsulation

scr.ene.

c. Water Table. The water table in the area is at the elevation of

lellow Lake, 201. It is only 2 to 3 feet below ground surface on the toe of 

■ellow Lake. There is a very gentle gradient to the northeast.

SITE 20A, SOUTH DEPOT BURNING PIT

l.^te description. Site 20A, the Depot South Burning Pit, is located 

''i^thin the Arkansas River flood plan adjacent to a swampy wetland. The site 

•consists of a 5-acre burning pit and adjacent storage area along the eastern



jrity

^..vatxon 

.istress,

of the arsenal, north of the Pollution Abatement Facilities. The 

of the site is flat, at approximate elevation 212, sloping gently to 

.j-heast toward a lagoon area. The water in the lagoon remains at 

202 for most of the year. Vegetation grows, with no apparent

the western part of the site. The eastern part of the site is

over
d by a pavement-like residue upon which no vegetation grows. From 1941 

1978 pyrotechnic mixes from smokes, grenades, and other incendiary devices 

e burned at the site, resulting in a layer of burned fill and rubble 

acer than 12 feet thick in places. Various wastes including smoke mixes
b

nitions, white phosphorus contaminated materials, solvents, and DS-2 decon 

fluid were stored on the burned fill and the area adjacent to it. All 

accumulated containerized materials and surface debris dumped on the site 

vere being hauled to an approved off-site hazardous waste landfill as part of 

an emergency service contract. This work was completed in February 1984.

2. Investigations

a. Preliminary. Prior to beginning the current investigations at Site 

20A, some chemical, soil, and groundwater data was available. Ninety shallow 

borings, about 20 feet deep, were drilled at the site for the 1973-1975 

Contaminated Area Survey Project. The soil, though not classified or 

described, was tested for some of the heavy metals, pH, and other possible 

contaminants. In 1981, 3 upgradient and 4 downgradient monitoring wells were 

installed at Site 20A. Material from these wells was field classified.

These wells are sampled by PBA and assayed regularly by the Army 

Environmental Hygiene Agency (AEHA) for selected contaminants. The 

<iowngradient wells are located as shown on plate X-17.



:r.e 

rnese 

,n the

^r- sampling

Twenty-three auger holes, mostly 40 feet deep, were drilled in 

,c River flood plain at the site in the fall of 1983. Locations of^Kansas
borings are shown on plate X-17. Three hand auger holes were drilled

northeast side of the lagoon. Two holes (holes 15 and 16) were

^ d northwest of the site within the floodplain to establish background 

metal concentrations. Soil from the auger holes was described in the 

classified in the laboratory, and tested for the toxic heavy metal 

ntaminants as defined by RCRA, these being arsenic, barium, cadmium,

-hrooaum. lead, mercury, selenium, and silver. In addition, total phosphorus 

and zinc were determined because of their suspected presence at the site, 

although neither are RCRA toxic contaminants. Zinc was found in high 

concentrations during the 1973-75 Contaminated Area Survey Project. Zinc, in 

the form of zinc oxide, is a major constituent of smoke mixes disposed of at 

the site. Because some white phosphorous contaminated materials were stored 

at the site, total phosphorus was determined in some of the borings as well.

(2) Each run with the auger was limited to 3 feet. To prevent 

mixing of materials or sampling material that had pulled off from the wall of 

the hole, only the interior portion of each sample was used. Material was 

taken from the entire 3-foot sample and put into a glass jar and shipped 

daily by bus to the Corps of Engineers, Southwestern Division Laboratory in 

Dallas. Groundwater was sampled in some of the holes and analyzed for heavy 

“etals. If the hole penetrated a clay layer, it was backfilled with grout.



Ij „Mirhed sampling. One denison sample of clay was obtained from a 

££set slightly from hole 4 from a depth of 15.5 to 17 feet. The

as obtained for a laboratory premeability test and is representative

ral clay stratum beneath the site.

^ traverses. Three traverses were made across the lagoon by

from the southwest shore to the tree line located in the middle of the

Sediment samples were taken at 10-foot intervals by a Ponar dredge 

a first and third traverses, and by a ball check core sampler on
lagoon, 

along t
5 foot intervals along the second traverse. The sampler took an 18-inch core 

from which an upper sample was taken at the water/sediment interface and a 

lower sample was taken from the deepest material ratained in the sampler. A 

total of 41 upper and 24 lower samples were taken. The lagoon traverses are 

shown on plate X-18.

e. Grab sampling. To supplement the auger and lagoon sampling, water, 

soil, and sediment samples were taken along both sides of the lagoon. Three 

water samples were taken from the lagoon, eleven sediment samples were taken 

from both sides of the lagoon near the shore, and 2 soil samples were taken 

from the back side of the lagoon. These sampling locations are also shown on 

plate X-17.

f. Burned fill study. In order to determine the thickness and extent of 

the burned fill, 135 shallow holes were made with a drilling hand auger, 

posthole digger, or shovel.



levels of contaminants. In order to define contamination, 

ation of the background concentration of contaminants was made.

■qhs of contaminants in samples from borings in the contaminated
.ncen

were
compared with the background concentrations, and the limits of

.n:aiD
ination were established. A determination of the natural (background) 

trations of the chemicals in the soil at Site 20A was made by drilling
cfteani

background holes in a geologically similar area that was as close as 

sible to the site but free of the effects of contamination from the site, 

-uo different material types were encountered, clay and silt, and each type 

gas found to have different background chemistry. Eight of the soil samples 

tested were clay and two were silt. Mean concentrations for each chamical in 

clay and mean concentrations for each chemical in silt were calculated. A 

sa-3ple standard deviation was calculated for each chemical in clay. If data 

are normally distributed, and a value is chose two standard deviations around 

tne mean, then approximately 95 percent of the data will be within these 

values. If a measured value exceeds these 95 percent confidence intervals, 

if is probable that the measured value is not within the normal range of 

background values for that chemical. In the silt, a standard deviation was 

not calculated because there were only two values for each chemical. In the 

clay, two standard deviations averaged to be 86 percent of the mean value, so 

the upper limit of the 95 percent confidence interval in the silt was also 

taken to be the mean plus 86 percent of the mean. These 95 percent 

confidence intervals for clay and silt are tabulated in table 6.



TABLE 6

BACKGROUND SOIL CHEMISTRY 
(All values in mg/kg)

■----- CLAY SILT

Upper Limit Upper Limit
of 95% of 95%

Background Confidence Background Confidence
Mean Interval (1) Mean Interval (1)

Tci)
-romiuin tt-r;
•> . 
Mercury (Hg) 
j^letuum (Se) 
jjlver (Ag)

;mc (Zn)
Total Phosphate
' (TPO4)

7.1
78.6
0.5
5.0

13.5 
0.1 
0.1 
0.5

44.5 
368.1

13.9
150.4

21.1

80.3
771.3

1.9
41.6 
0.5 
5.0 
5.2 
0.1 
0.1 
0.5

21.7 
249.5

3.6
77.4

9.6

40.4
464.1

1) An upper limit of the 95% confidence interval was not calculated for the 
chemicals which were below minimum reported values in the background holes,

b. Depth of contamination determination.

(1) Method. The depth of contamination at Site 20A was determined 

by comparing measured concentrations of contaminants with background levels 

(as discussed above). Sample test results are plotted with depth on the same 

figure as the background levels so a comparison could readily be made. Once 

the results are plotted in this manner the depth of contamination is readily 

determined.

(2) Procedures for determining laboratory tests. Samples from hole 

3 and 4, both located in the burned fill area, were tested for lead, zinc, 

t>arium, arsenic, chromium, cadmium, selenium, silver, mercury, and total



-e5C

The background holes (15 and 16) were also tested for these 

Based on the results, lead was found to be the contaminant which 

(jicated the limits and degree of contamination at the site and was

-ted for testing in future borings. Zinc was found to be present in

tracions above background levels and was found to be more mobile than

ht RCRA toxic heavy metal contaminants. Although the limits of
rhe

ficant zinc were established they are not indictive of the limits of any

toxic contaminants. Holes 1 through 5 were tested total depth for 

jd but in most of the holes only the upper portion (about 10 to 20 feet) 

j tested. Once it was determined that the burned fill was heavily 

-ontaminated with lead, after consistent results from about half a dozen 

selected holes, the fill was not tested further. Barium, which was found in 

low concentrations in the groundwater monitoring wells, was determined in 

samples from several holes. Total phosphorus was tested in holes 4 and 5 

which were located near a storage area for white phosphorus contaminated 

aaterials. Lagoon and soil grab samples were also selectively tested to 

determine the depth and extent of contamination. Jar samples not tested, as 

well as the remainder of samples which were tested, and the leftover acid 

digests, are being retained by the laboratory. EP toxicity tests were 

performed on four of the most highly contaminated samples from Site 20A. Two 

samples of burned fill material, one sample of clay beneath the burned fill, 

and one lagoon sediment sample were tested. Test results are presented in 

table 7. None of the test results exceeded the limits for EP toxicity set 

forth in RCRA.



TABLE 7

EP TOXICITY RESULTS 
(Values in mg/1)

# Depth
(ft)

Ag

iRCRA " 
i uni t)

-OA-3 
jar 3 
;0A-^ 
jar 3 
;0A-4
jar 4 
SD'2
(lagoon surface 0.00175
sediment)

100.0 1.0 5.0 5.0 0.2 1.0 5.0

3.0-6.0

6.5- 9.5

9.5- 12.5

0.00075

0.00075

3.2

3.55

0.2

3.55

0.01 0.01 

0.11 0.01

0.015 0.01

0.045 0.0002 0.0018 0.01 

0.170 0.0001 0.020 0.01 

0.04

0.01 0.0002 0.019 0.01

c. Contamination results.

(1) Burned fill contamination. The burned fill is highly 

contaminated with lead in every sample tested, both on the ground surface and 

beneath the lagoon, with lead concentrations as high at 2700 mg/kg. High 

concentrations of zinc are also present in the burned fill. Lesser amounts

of barium, arsenic, chronmium, and total phosphorus also occur in the fill. 

Plate X-19 shows the limits and thickness of the burned fill material.

(2) Soil contamination. Sections A-A through D-D. on plates X-20 

through X-22, show maximum depth of significant lead and zinc. The 

overwhelming majority of the contamination is confined to the burned fill 

®aterial. Lead occurs is significant quantities in the soil in hole 25.

This soil, which is described as a gray, organic-appearing sandy clay, has a 

lead concentration of 380 mg/kg lead and is contaminated for a depth of 3

48



[jelow the fill. Hole 20 has some lead in the upper 3 feet below the 

gt; a concentration of about 16 mg/kg. Lead does not occur in 

ficant quantities in any holes drilled outside the burned fill area.

(3) Lagoon sediment contamination. Contamination of the lagoon 

diment is shown on plate X-18, which consists of a location map and a

^j^ylation of results. Traverse 2 across the lagoon is shown on section C-C, 

late X-22. Lead contamination is most severe near the southwest shore, in 

association with the burned fill, and drops off rapidly away from the burn 

area. Lead concentrations are greater than 21.1 mg/kg (background level in 

i-lay soil) in samples taken at the sediment/water interface. These 

concentrations are confined to the upper 1-foot of the sediment over 

approximately 75 percent of the lagoon; and are less than 200 mg/kg, except 

for the portion where burned fill exists, about 20 feet into the lagoon from 

shore. In this portion of the lagoon, where burned fill exists, lead 

concentrations are greater than 200 mg/kg and extend approximately three feet 

below the burned fill.

(4) Lagoon water contamination. All RCRA-listed toxic metal 

concentrations from the three lagoon water samples were below drinking water 

standards. Most were below minimum reported values.

(5) Groundwater contamination. Groundwater encountered at Site 20A 

belongs to the Jackson/Quaternary aquifer. The gradient is very steep on the 

western half of the arsenal where the predominantly fine-grained materials on 

the Jackson Group are close to the surface; and nearly flat on the eastern 

half, sloping gently toward the Arkansas River through the terrace and flood



OSltS. This aquifer generally yields only very small amounts of

aaUty water. The water is not drinking water quality and is not used

urpose in the vicinity of the arsenal. The aquifer that supplies

inking water to the area is the Sparta Sand, which is about 600 feet

ben
eath the site. The Sparta is protected by the Jackson and upper 

rne groups which have a low vertical permeability. Groundwater data 

ail3^^® from groundwater monitoring wells and from samples taken from 

1 of the auger holes. A summary of these data is given in table 8.several
dwater analyses confirm the fact that the contamination is primarily 

,,nfined to the burned fill.

TABLE 8-

GROUNDWATER CHEMISTRY AT SITE 20A
lvalues in mg/1)

Barium Lead Zinc
C of E AEHA C of E AEHA C of E

Oowngradient
.ells .13-1.79 0-1.9 .02-.13 O-.Ol .02-.08
.pgradient
.ells .11-.23 0-.59 .03-.04 0 .04-.09
Aager Holes
19 to 25 .11-2.63 .01-.05 .02-.70

Drinking water 
standards 1.0^1^ .05^1) 5.0^2)

National Interim Primary Drinking Water Regulation 
Secondary Drinking Water Standard

Stratigraphic results.

As shown by the topography and monitoring well borings, Site 20A is 

located within the present flood plain of the Arkansas River. Geology from 

'■I'e drill holes is shown on geologic sections A-A through D-D, plates X-20



Locations of these sections are shown on plates X-17. The 

all unconsolidated materials and consist of clay, silt, and 

clay IS generally low plasticity with a liquid limit of 35 to k

' ^ moisture content of 30 to 40 percent. A field permeability
-6in hole 4 gave a value of 10 cm/sec for the clay. Aconductea

atory

^ a value

permeability test on an undisturbed sample of this clay resulted

of lo”^ cra/sec. Section A-A, plate X-20, shows thicknesses of

•eeC

25 feet of clay. The lateral extent of the clay strata thicker than 5

is shown on plate X-23. Several pockets of high plasticity clay with

id limits above 60 also occur. Sand and silt predominate as shown on 

-tion B-B, plate X-21. The sand is generally silty and clayey with a 

rmeability of about 10 ^ cm/sec. This figure was calculated from 

echarge tests performed on the downgradient monitoring wells. The burned 

•ill consists of incinerated debris and scrap metal. This material covers 

about 5 acres of the site and comprises about 53,000 cubic yards. As shown 

on sections C-C and D-D, plate X-22, this material is present as a thin 

veneer and thickens rapidly toward the lagoon. This material appears to have 

been pushed into the lagoon after burning operations and has a maximum 

thickness of 12 feet. The burned fill is several feet thick at the southwest 

snore of the lagoon and extends about 20 feet into the lagoon. The water 

table elevation equals the lagoon water surface at elevation 201.8, and is 

nearly flat across the site with an eastward gradient of less than 1 foot per 

mile toward the Arkansas River. The lagoon is fed by groundwater. As shown 

on the geologic sections, the water table occurs in the thicker portions of 

the burned fill as well as in both sand and clay.



site 20B - WHITE PHOSPHORUS SLAG BURNING AND DISPOSAL AREA

Descri£ti££i. The White Phosphorus Slag Disposl Area is an abandoned 

phosphorus (WP) burning and disposal area located just south of site 

southern portion is relatively flat and grass-covered at about 

I vation 230. The elevation drops to 210 north of an escarpment which 

vides terrace and floodplain deposits. The floodplain portion of the site 

yery heavily wooded and is littered with dozens of rusted 55-gallon drums, 

vood pallets? WP grenades and other small WP munitions. There is a lagoon 

several hundred feet from the slope. Tests on randomly selected munitions 

did not indicate that there was any WP left in them. Remains of a 4-inch 

pipe, which apparently took liquid waste materials from a hopper to the 

bottom of the hill, still exist. Burned material exists beneath dense 

vegetation in the floodplain area at the toe of the escarpment. Boring 

locations are shown on plate X-24.

2. Investigations. Fifteen auger holes, 5 to 40 feet deep were drilled at 

Site 20B on the top of the slope and at the base near the lagoon. Two lagoon 

sediment samples and one lagoon water sample were also taken.

3. Results.

a- Contamination. Bulldozer operations in the floodplain revealed a 

distinct blackish color to the soil at the site. This is shown as fill on 

geologic sections A-A and B-B, plate X-24. Laboratory results showed 

elevated lead, barium, zinc and total phosphorus. Zinc is not a RCRA listed 

toxic contaminant, however it is a major constituent of smoke mixes. Total



horuS»
which was as high as 13,000 mg/kg. is not a toxic contaminant but

dicator chat white phosphorus was present at one time. The cleaup

ed is based on the presence of lead, which is a toxic contaminant and

in the holes which have elevated levels of total phosphate. Lead

jitrations are as high as 450 mg/kg and extend deeper than the depth of

which was 3 feet. An estimated volume of 15,000 cubic yards of

,nated soil and fill is present at the site. The lagoon has 60 to 80 

lead on the side nearest the disposal area. These levels are similar
j^/kg

che levels in the lagoon at site 20A.

Ij_ stratigraphy. This site is located in both terrace and floodplain 

■ eposits. The holes drilled in the floodplain show highly variable amounts 

jf clay and silt. Geologic sections A-A and B-B, plate X-24, show that the 

thickest clay is located both north and south of the fill area in the 

floodplain. There is no suitable clay in the area where contamination exists.

c. Groundwater. The permanent water table is near the ground surface in 

borings 3, 4, and 5 and is at the same level as the water in the lagoon. The 

water table is nearly flat and slopes very gently to the east.

SITE 23A - HC TEST POND

Site Description. Site 23A, the HC Test Pond, is a 1%-acre pond formerly 

used for testing smoke pots and smoke grenades. The site was also used as a 

dump area for production-related materials. HC is a screening smoke composed 

47X zinc oxide, 47% hexachloroethane (a RCRA-listed toxic organic



.-CP
Olifd) and 6% aluminum. The site consists of a pond and a wooded area, 

elevation from 232 to 238.

j^crigations. Seven monitoring wells and 27 auger holes varying in 

from 3 to 40 feet have been drilled at the site. One hole was augered 

^1 feet and sampled an additional 9 feet with Denison sampler. Half of 

holes (as shown on plate X-25) were drilled near the eastern edge of the 

, The others were scattered about the site in drainages, low areas, and 

jher areas of suspected contamination. The undisturbed samples will be 

tested for permeability. The pond sediment has not been investigated.

j. Results.

a. Contamination. The major RCRA-listed metal contaminants at Site 23A 

are lead and zinc, with lesser amounts of mercury, cadmium, chromium, and 

barium. Hexachloroethane, a listed RCRA waste, is present as well. These 

contaminants are found both in the fill material which appears to be HC 

residue, and the soil beneath the fill. EP toxicity tests show the fill and 

the soil do not exceed RCRA limits. The eastern edge of the pond was 

apparently used as a dump area and contains a whitish material with 300,000 

to 500,000 mg/kg zinc, 240,000 mg/kg hexachloroethane, and 500 mg/kg lead. 

This fill material is 11 feet thick and thins rapidly away from the pond. 

Approximately 1 foot of soil is contaminated beneath the fill. Other areas 

of contamination include a small area in the northeast corner of the site 

(holes 9 and 10) and a dump/burn area on the southwest shore of the pond 

(hole 20). None of the depressions, ditches, or streams investigated show 

any contamination. Contamination extends into the pond sediment but the



e'^ cent
and depth are unknown. An estimated 25,000 cubic yards of

aminat®^ materials (not including the pond water or the unknown quantity 

pots, contaminated sediment and soil beneath the pond) exist at the 

Very little groundwater contamination data is available at this site.

only

cabl®'

one monitoring well (146) at the site is screened in the permanent water 

Wells 147 and 149 penetrate the perched water table only. Well 148

-gened through both systems, but has been plugged to prevent flow fromyas SCI

t,e perched to the permanent water table. Limited available data indicate 

•ficant groundwater contamination at the site in the perched water table
5

nd much lesser contamination in the permanent water table. Three new wells 

been installed, one in the perched water and two in the permanent water 

table. One water sample from the pond was tested and not found to contain 

any of the RCRA listed metal contaminants above drinking water standards.

b. Stratigraphy. Approximately 20 to 23 feet of terrace silt, sand, and 

silty clay overly the Jackson Group. The Jackson at Site 23A has about 20 

feet of clay-shale which overlies a silty sand at about 42 feet. A geologic 

section is presented on plate X-25. The clay-shale appears to be similar to 

the clay-shale at the FY83 landfill site and should be suitable for use in an 

encapsulation scheme.

c. Water Table. Perched water occurs above the clay-shale at about 

elevation 225. The permanent water table occurs at about elevation 200 and 

slopes gently to the northeast.



SITE 24 - OLD THERMITE DISPOSAL AREA

wastes

pocrnption. Site 24 is a 4 acre area which was formerly used for

3I of thermite waste from the Quality Assurance Drop Tower. Lead oxide

from the Bomb Washout Facility were also disposed of here. Much of

. fg contaminated with heavy metals, including barium, lead, and 
the site

The site is located in the southern portion of the arsenal, inside the
line-
production area.

Tnvestigations. A total of 12 auger borings from 5 to 40 feet deep and 4 

groundwater monitoring wells have been completed at the site. Nine of those 

borings are in the disposal area and 3 are in the drainages north and south 

of the site. Boring locations are shown on the site plan, plate X-26.

3. Results.

a. Contamination.

(1) Disposal Area. The fill material varies in thickness from 1 to 

5 feet as shown on the geologic sections, plates X-26 and X-27. It is 

contaminated with lead, zinc, barium, cadmium, and chromium. Lead 

contamination is the greatest, with concentrations as high as 18,000 mg/kg.

The soil is generally contaminated in the upper foot with slightly elevated 

levels of lead, cadmium and chromium. All three of the drainage sediment 

samples showed 1 to 2 feet of lead contamination. EP toxicity tests show the 

fill to be above RCRA limits for lead.



(2) prainages. Boring 8 was drilled upgradient of Site 24 in the 

that drains Site 27. This boring had high levels of the Site 27 

nants, lead and barium, to a depth of 2 feet. Boring 7 was drilled in

gaoe
drainage downgradient of the site and was not significantly higher

in

a?pe

^ ad and barium than boring 8. Although some of the fill from Site

2J-S to have washed into this stream, the contamination is apparently

. jining from off-site. The same condition is probably true for the north

unage as well.

(3) Groundwater. Groundwater monitoring wells do not indicate 

contamination in the permanent groundwater system from Site 24. A sample of 

perched water showed levels above drinking water standards for only barium. 

j},ese data indicate that the existing clay materials are effectively 

preventing groundwater contamination at the site.

(4) Quantities. There is an estimated 10,200 cubic yards of 

contaminated fill, and 4,800 yards of contaminated soil, for a total of 

15,000 yards at the site.

b. Stratigraphy. All 4 of the monitoring wells and boring 1 penetrated 

the Jackson Group, which is about 15 feet deep. The upper 5 to 8 feet of the 

Jackson Group in the monitoring wells is clay-shale and is underlain by 

sand. This clay-shale thins to about 1 foot underneath the site. The 

Jackson Group is overlain by terrace deposits of sand, silt, and clay. The 

clay, although greater than 5 feet thick over the northern 2/3 of the site, 

has liquid limits of only 21-29. The location of geologic sections A-A and 

(plates X-26 and X-27) are shown on the site plan, plate X-26.



uater Table. The permanent water table at Site 24 is about elevation 

30 feet below the ground surface, and slopes gently to the southeast.

;hed water generally occurs above the terrace clay where it is thickest,

1.5 to 7 feet below ground surface. It also occurs above the

clay
.•shale about 12 to 13 feet deep.

SITE 26 - PRODUCT ASSURANCE DROP TOWER

^ qite Description. Site 26 is the Product Assurance Drop Tower and Test 

Basin. Th® drop tower and test basin have been in existence since the 

Arsenal's construction in the 1940's and has been used for testing grenades 

and various pyrotechnic devices. The drop tower and test basin is an active 

facility. This project consists of cleanup of contaminated soil and debris 

outside the test basin and providing runon/runoff control for the basin 

adequate for a 25 year, 24 hour storm. Site 26 is flat at approximate 

elevation 238 and covers approximately 2 acres. The area has been cleared of 

trees, but grass grows with no apparent distress outside paved areas and 

those with a heavy accumulation of burned debris. The test basin is a 30 

foot square concrete-lined test basin bordered by a concrete curb. 

Precipitation falling on the test basin drains into an industrial sewer line 

that was installed in 1973. The test basin is within a 60 foot by 40 foot 

area bounded by a 1 to 2 foot high concrete wall. There is burned residue 

within the entire 60 foot by 40 foot area and approximately 20 feet outside 

the wall on the north and east. Scattered debris and burned residue are 

present over the entire 2 acre site. A 30 foot square reinforced concrete 

pad heaped with burned debris is located southeast of the drop tower. Some 

debris is present outside the pad. Another small area (50 foot square)



JU^'

drop tower and concrete pad is covered with a pavement like

Both areas outside the drop tower are to be cleaned up as part of

site.

cations. Eight preliminary borings were recently performed at 
InveJiiSfi------

■T.i site
of which one was 40 feet deep and the others were 10 feet deep.

area outside the test basin and the area around the concrete padjjth the

investigated. The 40 foot hole encountered the water table and a water

1 uas taken. No perched water was encountered at the site. The eightjjcpie

-rclioinary borings are located on plate X-28.

3. Results.

a. Contamination. The burned debris present at the site has high 

concentrations of barium (11,000 mg/kg), chromium (670 mg/kg), and lead (1100 

ag/kg). The soil is contaminated to a maximum of about half those levels to

a maximum depth of 6.5 feet. Approximately 3000 cubic yards of contaminated 

material exist at the site. Results of EP toxicity tests show the material 

to be a non-RCRA waste.

b. Stratigraphy and Water Table. Site 26 rests on terrace deposits 

approximately 20 feet thick. The terrace deposits at this site consist of 

silt with occasional silty clay lenses. Beneath the terrrace deposits is the 

clay shale of the Jackson formation. The clay shale is about 8 feet thick 

and is underlain by silty sands. The water table is in these silty sands at 

3 depth of 38 feet below ground surface, approximate elevation 200. A 

geologic section on plate X-28 shows subsurface conditions at the site.



SITE 27 - AGENT B2 POND

..it' crea

P^crription. Site 27 is an unlined ‘-j-acre lagoon which received 

ted agent BZ, impregnite, thermite, and lead oxide waste until

area around the BZ pond is relatively flat at elevation 236. A 

fill is present on the banks of the pond. The pond is approximately 

f et deep and has near vertical sides shored with concrete. The elevation 

water surface in the pond is 232. There is a concrete tank north of

_j72.

jjr.dy

jf the

ond which held a sand filter bed and several pipes entering the pond.
:ne P

, Tnvestigations. Twenty-four borings were performed around the pond and 

,n a natural drainage north of the pond. Sediment and water samples were 

taken from the pond. Four groundwater monitoring wells were installed at the 

site in 1981. Two more were added in 1984. Locations of wells and borings 

are shown on the plan of explorations, plate X-29.

3. Results.

a. Contamination. The primary contaminants at site 27 are lead with 

concentrations as high as 10,000 mg/kg and barium with concentrations as high 

as 6500 mg/kg, which are present in the sandy fill around the pond. EP 

toxicity tests show the fill to be below RCRA limits. The sandy fill in as 

deep as 6 feet near hole 5. Soil is contaminated 2 to 3 feet below the base 

of the fill. An estimated volume of 9000 cubic yards of contaminated fill 

and soil exist at the site. This assumes an average 5 foot depth of 

contaminated material in the area explored, including the area beneath the 

pond. The water in the pond has concentrations of 9.6 mg/1 barium and



(j which are above the respective drinking water standards of 

‘ Q5 [ng/1 respectively. The perched water sample from hole 5 has
-3g' ^

of 7*i rog/i barium and .04 mg/1 lead. The permanent water
.-.eatr3

ifl from hole 5 had 0.2 mg/1 barium and.l mg/1 lead. The soil
gafflpl.e

from
the zone where the permanent water table is present had high

trations of barium and lead. Three of the four monitoring wells at the 

ells 154* ^55* permanent water table and the

*1 156, is set in the perched water table. Two of the wells in
;jurth,

nent water table, wells 155 and 157, were reading perched water 

^ ations, indicating a nonfunctioning seal in those wells. Those wells 

re plugg®*^ 1984. Minor amounts of lead and barium have been detected in 

evels below drinking water standards in three of the wells. Two sets of 

jooitoring wells were installed in 1984 to replace wells 155 and 157. Each 

jec consisted of a well in the perched water and a well in the permanent 

water table.

b. Stratigraphy and Water Tables(s). The BZ pond is located on terrace 

deposits 15 to 20 feet thick. The terrace deposits consist of interbedded 

sands, silts, and clays. The clays have low plasticity and are not 

continuous. These terrace deposits are underlain by 8 to 9 feet of low to 

nigh plasticity clay-shale. This clay-shale supports perched water in the 

terrace deposits above. Below this clay-shale is at least 30 feet of silty 

sand. The permanent water table is in this material at approximate elevation 

202. A geologic section is presented on plate X-29.



SITE 29 ANP_2_9a 

SOLID WASTE ARK-LA SITE 

SALT PILE

npscription. Site 29 is a 40 acre site which was used in the 1940's 

manufacture of chlorine for both the mustard and lewisite 

ations. Chlorine production was the only portion of the mustard and 

isite processes which took place on the site. From 1950 to 1969, the site 

leased to the Ark-La Chemical Corporation which also produced chlorine, 

j^ll of th® buildings from this site have been removed as well as most of the 

• jundations. Drawing X-30 shows the former location of these buildings, 

loading docks, and other structures. Building 52330 was the main 

electrolysis building which contained 200 cells (all containing lead) with 

j,ni.ch chlorine gas was separated. Site 29A, located in the eastern portion 

of Site 29 as shown on the site plan, is an asphalt-covered pile of salt 

containing about 100 cubic yards. The material is non-toxic insoluable 

residue (salt) used in the chlorine production.

2. Investigations. Two 40-foot auger holes and 25 5-foot auger holes were 

drilled at Site 29. These borings were located in the vicinity of the 

buildings and structures and are shown on the plate X-30. A sample of 

material beneath the asphalt in the salt pile was taken. This site has no 

ground water monitoring wells.



icatni-nation. Before soil tests were assigned, material in the salt 

analyzed. Accordingly, the 8 RCRA-listed toxic metals, sodium, and 

tested. These total about .01% of the total. Calcium,;oride were
for 2.5% of the material and silica another 20%. The only

^^^eunced
the salt was lead at a concentration of 51 mg/kg. The salt

.ncaniJ- nant m
t be digested in the strong acid used by the laboratory. The same

,ice.

which is granular in nature, is present on the ground surface at the 

Because it yielded minor contamination under these harsh conditions.

he scattered areas where the salt is present will not be encapsulated or 

eaoved m the closure plan. The only contaminant found in the soil from 

recent borings above established background levels was lead. Two areas had 

nign lead, those borings near building 52330, with values as high as 7300 

-g/kg* and those borings near buildings 52410 with values as high as 200 

ag/kg. The sample with lead at 7300 mg/kg was subjected to EP toxicity tests 

and was above RCRA limits. An estimated volume of 18,300 cubic yards of 

contaminated material is present at the site. The salt pile consists of 

approximately 100 cubic yards. No data are available on groundwater quality.

b. Stratigraphy. Site 29 rests on a residual clay overburden about 4 to 

5 feet thick which rests on Jackson clay-shale in excess of 35 feet thick.

Some silt and sand are present in the overburden. Laboratory classifications 

are not yet available. A geologic section through the site is shown on plate 

X-30.



Mai-gr Table. The permanent water table is at approximate elevation 

bout 10 feet below ground surface. The water table slopes both to the 

beast and southwest from a high area in the middle of the site. Perched 

j^g found in some of the sand beds above the clay shale.

SITE 31A

^ qice Description. Site 31A is an abandoned h acre product assurance test 

range located north of bunker 33-740 in the south production area. The site 

was previously used for testing smoke grenades and some riot control agents 

before its use was discontinued in 1973. The site is flat at approximate 

elevation 237 with surface drainage toward the southwest. A discolored 

(gray) plume of soil is present at the site on which vegetation does not 

grow. A sewer runs under the site and a manhole for this sewer is located in 

the middle of the discolored area. The remnants of some type of structure 

are present at the site as shown on the plan of explorations, plate X-31.

2. Investigations. Five auger holes were drilled at Site 31A. One 40 foot 

auger hole was drilled and the rest were 5 or 10 feet deep. A water sample 

was taken from the perched water table in the deep hole. Boring locations 

are shown on the plan of explorations, plate X-31. Thirty-six shallow auger 

holes were drilled at site 31A in the Contaminated Area Survey Project.

3. Results.

a. Contamination. A plume of soil with gray discoloration is present at 

Site 31A. The soil contains lead with concentrations as high as 10,000



The depth of contamination is a maximum of 2 feet. The estimated

antii^y of contaminated material present at the site is 1,500 cubic yards, 

of EP toxicity tests show the material to be non-RCRA wastes.

b. Stratigraphy. Site 31A lies on terrace deposits approximately 20 

feet thick. The terrace deposits consist of sands and silts interbedded with 

jjeds of silty clay. A silty clay stratum varying from 3 to 6 feet thick is 

pj-esent within 3 feet of the surface. See Geologic Section plate X-31. The

terrace deposits rest on the clay-shale of the Jackson Group which is

approximately 10 feet thick. Silts and sands underlie the clay-shale. The

permanent water table is 35 to 40 feet below the ground surface with a very 

slight gradient to the northeast. There is a shallower perched water table 

at 8 feet that is supported by the clay-shale of the Jackson Group.

SITE 31B - standby GRENADE TEST BASIN

1. Site Description. Site 31B is a 30-foot by 30-foot active test grenade 

basin. It is a shallow, concrete-lined structure located on the western edge 

of a pond. A concrete curb borders the test basin and a shed is located 

south of the test basin. Precipitation falling onto the basin drains into an 

industrial sewer line and is transported to the pollution abatement

facility. Smoke grenade and pyrotechnic production items have been tested at

the facility since its construction in 1973. The entire site lies in an area 

approximately 1/10 of an acre in size. The site is flat at approximate 

elevation 237 and surface drainage outside the basin is to the east toward 

the pond. Adequacy of the runon/runoff control for a 25 year 24 hour storm



.leaned up.

evaluated and any contaminated soil or debris outside the basin will

rang'

,f,ore.

igations. Five auger holes were drilled at Site 31B. The holes 

ed in depth from 5 to 10 feet. One hole was drilled in the pond near the

Boring locations are shown on the plan of explorations, plate X-31.

- Results.

Contamination. No contaminated soil exists at site 31B.

b. stratigraphy. Site 31B lies on terrace deposits approximately 20 

feet thick. The terrace deposits consist of sands and silts interbedded with 

beds of silty clay. See Geologic Sections, plate X-31. The terrace deposits 

rest on the clay-shale of the Jackson Group which is approximately 10 feet 

thick. Silts and sands underlie the clay-shale. The permanent water table 

IS 35 to 40 feet below the ground surface with a very slight gradient to the 

northeast. There is a shallower perched water table at 8 feet that is 

supported by the clay-shale of the Jackson Group.

SITE 34, NCTR EQUALIZATION POND

1. SITE DESCRIPTION. The NCTR Equalization Pond is a 1.5 acre site with a h 

acre lagoon that was used for two purposes. The first, during the 1969 

closedown of the Directorate for Biological Operations (DBO), was as a flow 

equalizing and neutralizing area for a caustic sludge resulting from the 

destruction of the stock of biological agents. The sludge was neutralized in



ffluent then went to the North Oxidation Pond. When the

for Toxicogical Research took over the facilities that
Center
sed the DBO, the Equalization Pond was used as a flow 

hamber and settling pond for the domestic sewage going to the 

nd Its use was terminated in 1980 and the lagoon is no 

ted to either facility. No known toxic contaminants were
,r connec

the pond at any time during its use. A pumphouse is still 

ite, and the piping entering and leaving the pond is still 

The site is flat at approximate elevation 268 with the top of the

levees approximately 5 feet above natural ground. The water elevation
.<*

pond is approximately 270. Grass grows with no apparent distress on 

jround the lagoon levees. Vegetation also exists in the pond and is 

•iuk enough to make its removal necessary to obtain sediment samples. 

Investigations. Four auger holes were drilled at the site. One auger 

..'e was 40 feet deep and the other three were 10 feet deep. Boring 

.jcations are shown on the plan of explorations, plate X-32. Water and 

j<diiaent samples were taken from the north and south sides of the pond.

3, Results.

a. Contamination. No toxic contaminants have been detected at site 34 

in either the water in the pond or soil around the site. The sediment 

‘lowever, contains concentrations of lead (65 mg/kg) and chromium (74 mg/kg) 

as well as barium, zinc, and some silver. Tests for solvents and other 

organics which may be present will be conducted during final investigations. 

No EP toxicity tests will be performed. Since only sediment grab samples 

have been taken to date, a 5 foot depth of contamination is assumed until



1 samplii^g and testing can be completed. A possible 4000 yards of
,5 *

terials may exist at the site.

irr

jjj^atieraphy. The NCTR equalization pond rests on terrace deposits 

^^lely 22 feet thick. The terrace deposits consist of interbedded 

sand with several thin beds of silty clay. The Jackson clay-shale

the terrace deposits and is approximately 14 feet thick. A clayey

underlies the clay-shale.

j Water Table. The permanent water table is approximately 23 feet 

natural ground at elevation 245. The gradient is to the east at 

pproximately 25 feet per mile. A perched water table was present near the 

jurface during drilling operations.

SITE 38, IMPREGNITE SLUDGE.LAG_00N

Site Description. The impregnite sludge lagoon is a 50-foot by 50-foot 

pond located just south of the water laboratory in the production area. It 

contains about 5 feet of impregnite sludge and solvents. During periods of 

ram. water stands in the pond to a depth of several feet. Runoff control is 

provided since the site is tied into Central Waste Treatment. Impregnite is 

a chloroamide compound which is fixed in clothing by a chlorinated paraffin 

binder.

Investigations. Four 10-foot auger holes were drilled outside of the 

pond at each corner. The pond was dewatered by pumping into the adjacent 

runoff-control sewer and a 10-foot hand auger hole was drilled in the center

68



Che P‘ Groundwater monitoring wells were installed in 1983.

tory classifications of materials from the wells and three-quarters of

cal data are available. The auger holes and downgradient monitoring

shown on the plan of explorations, plate X-33.

3-
BpSultS.

Contamination. Test results from the boring in the center of the 

pond indicate that the sludge does not contain any detectable silver, 

jrsenic, barium, chromium, mercury, lead, or selenium. The sludge does 

-ontain 1.8 to 3.2 mg/kg cadmium and 25,000 mg/kg zinc, however zinc is not a 

RCRA-listed toxic metal. Solvents been identified in the sludge. The 4 

holes outside the pond contained no detectable cadmium, background levels of 

lead, and 10 to 200 mg/kg zinc. The soil beneath the sludge also had no 

detectable cadmium, background levels of lead, and 60 to 520 mg/kg zinc to a 

depth of 5 feet below the fill. The sludge plus 1 foot of soil beneath the 

sludge totals about 900 cubic yards of contaminated material. Since only 

high levels of zinc are found at the site, and zinc is not a toxic 

contaminant, no EP toxicity tests are proposed. The standing water in the 

pond contained 0.11 mg/1 lead (higher than the primary drinking water 

standard of 0.05 mg/1) and 80 mg/1 zinc (higher than the secondary drinking 

water standard of 5.0 mg/1). The monitoring wells, set in both the perched 

and permanent water tables show no contamination from the site.

6. Stratigraphy. Site 38 is situated on terrace deposits of silt, sand, 

and some clay, about 20 feet thick. The Jackson Group is situated below



. jO

,rrace
deposits and consists of high plasticity clay-shale, in excess

feet
thick. A geologic section is presented in plate X-33.

,jund
>•
.pie

Pr^„ndwater. Perched water occurs at elevation 223 (16 feet below 

-urface) in the sand which overlies the Jackson. The permanent water 

occurs about elevation 200 (40 feet deep) and slopes very gently to the

HAZARDOUS LANDFILL

j te Description. The hazardous landfill will be located about one mile 

louth of the FY 83 landfill and between the North Exclusion Area and the west 

boundary patrol road. The site is very heavily wooded and is located on a 

rise just south of Eastwood Bayou at about elevation 320. Two trenches for 

production wastes (43,750 cy each) and one for wastes from the closure sites 

(55,000 cy) are proposed. The tentative location of these cells is shown on 

plate X-34.

2. Investigations. Three 40-foot auger holes and one 10-foot backhoe test 

pit have been conducted. Two 40-foot auger and splitspoon borings were 

drilled on the patrol road west of the site by Forth Worth District. One of 

these holes was deepened to 200 feet with a rockbit for the purpose of 

geophysical logging. One boring was drilled by Waterways Experiment Station 

on the patrol road. Each of these holes has been made into a monitoring well 

screened into the permanent water table. Each of the 3 borings in the



jfill area has two piezometers: one screened in the permanent

and one m the perched water table.

The geology is very similar to that at the FY 83 landfill, 

feet of residual or terrace silt and clay overburden rest on the

The Jackson consists of about 15 feet of clay-shale which isGroup.

riain
more permeable zone of silty sand and clayey silt from 20 to

Below 30 feet is clay-shale. Overburden clay is low plasticity and
,1 feet.

d may be gravelly at the Jackson contact. The Jackson clay-shale has
,1'dy en

id limits ranging from 50 to over 100 and is classified as either CL or

Laboratory tests from WES well 88 give the permeability of the in-situ 

•gy-shale as 1x10 ^ cm/sec and of the more permeable silty zone as 

, cm/sec. Two geologic sections have been drawn through the landfill 

ind are presented on plate X-35. Compaction tests were performed on samples 

-f overburden material and the Jackson clay-shale. Permeability tests were 

performed on specimens of each material remolded to 95% of standard Proctor 

density at optimum water content. Results are summarized in Table 9.

TABLE 9

PERMEABILITY TESTS ON REQUIRED EXCAVATION FROM LANDFILL

^■pe of Material Depth L.L. P.L.
Moisture
Content Permeability (cm/sec)

Overburden (bags) 2.0-4.0 26 14 13.2* 6.8x10"®
Overburden (jar) 2.0-2.5 26 16 22.5** —
Jackson (bags) 6.0-8.0 83 24 32.9* 2.0x10"®
Jackson (jar) 6.0-6.5 113 30 31.4**

* Optimum water content as determined from the standard proctor compaction test. 

** Natural water content of material in field.



Hwater. The permanent water table occurs about elevation 295. 

the regional flow direction is easterly, the water table is much 

flective of the topography where the finegrained Jackson sediments 

surface and appears to be flowing in a northesterly direction at 

gite. The rainy winter and spring of 1984 has caused a 2 to 5 foot 

in the water table. Perched water was encountered in hole 331 in all

adings and in both 329 and 330 in all but December 1983 and January 1984 

adings. The perched water table was at the ground surface from February 

rj May 1984. Both the permanent and perched water tables are shown on the 

^glogic sections on plate X-35.

- Design Considerations. Subsurface conditions are very similar to the 

fi 83 landfill site and the same basic design can be incorporated into the 

fY 86 landfill. Possible design improvements and critical subsurface 

conditions are discussed below:

a. Groundwater. Guidelines for design of hazardous waste landfills 

from the Arkansas Department of Pollution Control and Ecology (ADPCE) 

indicate that the base of the closure cells shall be a minimum of 10 feet 

above the water table. Groundwater conditions at this site will require 

that the cells be sited with the base of the cells at required elevations 

such that this ADPCE guideline is met. A groundwater control system, 

similar to the one designed for the FY 83 landfill, to control rises in the 

permanent water table is a secondary option.
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^^nnndwater Control Systems,

permanent Water Table. Because of a longer period of record 

£ezometers in the permanent water table at the FY 86 landfill, a system

,0 con
trol a rise in the permanent water table is not considered necessary.

.lU be 

cable.

^dfill cells will be designed such that the bottom of the clay liner 

10 feet above the highest recorded level of the permanent water 

as shown on the geologic sections on plate X-35.

(2) Perched Water Table Control. There is a significant perched 

table at the landfill site during periods of wet weather. A system to 

-oncrol this water should be incorporated into the design of the landfill.

2 foot wide french-drain to the top of the Jackson clay-shale around the 

landfill cels would serve the purpose of controlling the perched water. A 

low permeability material should cover the sand to keep surface water out of 

the system. A system which drains by gravity is desirable because of the 

need to keep maintenance to a minimum. A discharge point in the drainage 

close to the site would be acceptable since the water will not be 

contaminated.

c. Liner System. The liner system must consist of the following:

(from the bottom up)

(1) Secondary Liner. The secondary liner should be a 3-foot thick 

clay layer with an in-situ saturated hydraulic conductivity of no greater 

than 1X10 ^ cm/sec.



(2) Secondary Leachate Collection System. The secondary leachate 

(-tion system must be capable of maintaining a leachate head of one foot

less* options should be considered: 1) a 12-inch sand layer, with

nagfi pip®® ® slope of at least 2% and a sump in the lowest point to

leachate, and 2) a plastic drainage media with filter cloth

.fotecting the underlying clay liner on a grade such that a maximum one foot

leachate head would be present on the secondary liner at any time and a

jUfflP to remove collected leachate. The standpipe(s) for this system should

vj provided within the landfill cell such that pipes are not placed through 

,[,e clay liner. A "boot" should be provided around the standpipe(s) where 

they penetrate the synthetic liner.

(3) Primary Liner. The primary liner should consist of a synthetic 

iioer at least 30 mils thick of demonstrated conpatabllity with the waste to 

D6 Stored.

(4) Primary Leachate Collection System. The primary leachate 

collection system should consist of either the sand layer with perforated 

pipes or the plastic drainage media covered with filter cloth as discussed 

in para. 5.c. (2). If plastic drainage media are used, the first 6" of 

waste must be soil no coarser than a SP sand to serve as a bedding layer.

d. Cover System. The cover system shall consist of 3 components:

(1) Low Permeability Bottom Layer. The low permeability bottom 

should consist of a 2-foot clay cover of maximum 1x10 cm/sec



jted hydraulic conductivity covered by a synthetic liner of a minimum 

I thickness.

(2) Middle Drainage Layer. The middle drainage layer can be either 

gand layer with perforated pipe or a plastic drainage net with filter

cloth Governing it (between drainage net and vegetated top cover).

discharge should flow freely laterally to minimize the head on the low 

.grmeability layer.

(3) Vegetated Top Cover. The vegetated top cover should consist of 

3t least 2 feet of nonerosive soil capable of supporting vegetation. The 

final slope should be between 3 and 5 percent.

e. Raincover Footings. Raincover footings should rest entirely above 

the four components of the liner system. Because of the strength of the 

geotextile materials in the liner system, a maximum allowable bearing 

capacity of 1500 psf is recommended.

f. Liner Material. Although remolded permeability tests on samples 

from required excavation in the landfill areas yielded adequate 

permeabilities for liner material (see table 9), it is tentatively 

recommended that liner material be obtained from borrow areas outside the 

landfill area. Much of the overburden material at the landfill site is very 

silty (liquid limit less than 20) and would not be suitable. The Jackson 

clay shale has such a high liquid limit that the material will be unworkable 

and highly susceptible to dessication cracking. Adequate borrow is 

available on the Arsenal which will produce a higher quality liner.



BORROW SOURCES

^^iir-tion» An estimated quantity of 300,000 cubic yards of 

grmeability fill is required for construction of the FY 86 Hazardous 

Closure Sites project at Pine Bluff Arsenal. Lesser amounts of 

and random materials will also be required. Since the historic
,:pso

Sites
and landfill are scattered over the Arsenal, it is desireable to have 

3 borrow areas available on the Arsenal, located as close as possible

those sites needing fill. Eight areas were designated by Arsenal 

acidities personnel as available borrow areas and these were explored in 

he preliniinary investigations. Based on results of preliminary 

nvestigations, three of the areas were selected for further study and 

possible use. These areas are discussed in paragraph 3, Site Discussions.

Quantity Requirements. About 200,000 cubic yards of low permeability 

(clay) material is required for construction of clay liners, caps, and 

cutoff trenches in the in-situ closure of historic hazardous waste sites. 

Table 10 lists fill requirements for Individual sites. Another 100,000 

cubic yards of low-permeability fill is required at the Hazardous Landfill 

for construction of clay liners and caps. About 35,000 cubic yards of 

aaterial will be Incorporated into slurry trenches and will ideally consist 

of a sand with 30 to 50% plastic fines. Studies will be performed to 

determine suitability of material from the slurry trench excavation for 

fixture with the slurry and backfill into the slurry trench.



TABLE 10

BORROW MATERIAL REQUIREMENTS

SITE

REQUIRED IMPERVIOUS 

)UANTITY (vd3]

REQUIRED SLURRY TRENCH 

BACKFILL QUANTITY (vd3)

4A 22,700 -0-

7B 20,700 11,000

7C 4,900 7,500

7D 10,700 7,500

16A 1,300 -0-

20A 53,400 -0-

23A 12,000 6,000

29 38,400 -0-

38 1,100 -0-

TOTALS 165,200 32,000

3. Site Discussions.

a. Eastwood Bayou.

(1) Site Description. This is a heavily wooded area in the 

northern part of the Arsenal. The elevation of the ground surface is 

approximately 217, with the water table at 202. Access to the area can be 

obtained either through Wintergreen Road borrow area and across a creek or 

from the north east boundary patrol road. Site location is shown on the 

^senal map, plate X-1.



^2) Investigations. 6 shallow (10—12ft) auger holes were drilled 

j 1984. Materials was laboratory classified and natural water 

v^as determined. One test pit was dug in June of 1983 and the 

was classified in the field. Two peizometers were installed in the 

by Waterways Experiment Station (WES) and material from the boringsnity
laboratory classified.

(3) Results. Material at the site consists of floodplain deposits

.Q 1 to 3.5 feet of silt overlying a reddish brown to brown high

•asticity fat clay (liquid limits 45-65) ranging from 4.5 to 10 feet

.nick. Beneath this material is a leaner light brown to gray clay with

iquid limits in the 25-35 range. The fatter clay is recommended for use as

'ow permeability fill in either the in-situ closure schemes or landfill
3iiners and covers. An estimated quantity of 200,000 yd of this clay 

aaterial is present at this site.

b. Site 4 Borrow Area.

(1) Site Description. This is a heavily wooded area in the 

northeastern part of the Arsenal, southwest of 504th Street in the vicinity 

of contaminated Site 4. Approximate elevation of the area is 280, with 

radial drainage to the southwest and southeast. The water table is present 

at about elevation 270 and slopes steeply north. Access to the area is 

along 504th Street. Site location is shown on the Arsenal map, plate X-1.

(2) Investigation. 3 shallow auger holes were drilled in May of 

84. Material was classified in a laboratory and natural water content was



^ Several shallow auger holes were drilled at nearby site 4A in 

preliminary site closure investigations. Some laboratory

loeter

rions were performed on soil samples from those borings. One WES 

was installed at the site and material was laboratory classified.

(3) Results. Material at the site consists of 1 to 3.5 feet of 

^grlaying a lean clay layer 4 to 6 feet thick. The lean clay has 

d limits from 28 to 42. Beneath this is a fat clay of liquid limits 50 

*5 ^ feet thick. Both the silts and lean clays have

oxioately 40% sand by weight, whereas the fat clays are 1-5% sand. The 

t clay is geologically classified as shale of the Jackson formation. It 

j soft and workable and has the behavior and characteristics of soil. Both 

.>,e lean and fat clay should serve as suitable materials for clay covers and 

•ucoff trenches for in-situ closures for historic sites. It is not 

-econmended for use as a clay liner in the hazardous waste landfill. An 

estimated quantity of 120,000 cubic yards of lean sandy clay is present at 

:ne site overlying 170,000 cubic yards of the fat clay.

c. Williams Road.

(1) Site Description. The Williams Road borrow area is a heavily 

wooded area in the southern part of the Arsenal. The site is located on 

either side of Williams Road, west of Warbritton Gate. Access to the area 

IS along Williams Road. Site location is shown on the Arsenal map, plate 

^■1. Elevation of the site is approximately 232 and the water table is at 

about elevation 202.



r Tnvestlgatlons. Five shallow auger holes were drilled in May 

rial was laboratory classified and natural water content
98^'

Five piezometers were installed in this vicinity by WES and

pre laboratory classified.

(3) Results. Material at the site consists of approximately 3 feet

.i
derlaln by 15 feet of clay. The clays are lean and sandy with

5iU,
its of 25-40. Both the silt and clays are terrace deposits. The

.-aid
i suitable for use as low permeability fill in clay caps-and cutoff 

<n In-sltu closures of the historic hazardous waste sites. It is.fioches
reconmiended for use as material for a clay liner or cover in the 

jrdous waste landfill. An estimated volume of 6,000,000 cubic yards of 

..e lean clay is present.
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ATTACrf^EfJ A

POTENTIAL -AZA-OCUS WASTE SITE 
SITE INSPECTION REPOPT SUPPLEMENT SHEET

Instruction - This sheet is cro;ided to give additional information in 
explanation of a question on the '"orm T2070-3.

Corresponding 
number on form
I.i.
(#1) Site 16a 
White Phosphorus 
Settling Pond

(#2) Site 18a 
Sanitary Landfill

Additional Remark and/or Explanation

Site 16a IS the White Phosphorus Settling Pond and Land
fill. The site has been closed and abandoned. During its 
operation, process water from the white phosphorus pro
duction area was directed to White Phosphorus Creek (now 
White Creek). This creek had a 20 x 40 foot concrete 
retention basin built into it to catch sludge from the 
White Phosphorus operation. As the sludge accumulated, it 
was dredged and dumped in a burning area. As white 
phosphorus ignites upon exposure to air, stabilization 
required that it be burned prior to burial. The burned 
material was then put in a diked area or berm and covered 
daily with up to 2 feet of soil. The present mound 
measures approximately 100 x 50 x 8 ft. covering an 
undetermined amount of waste. No final closure of this 
area ever occurred, but daily application of cove'r was 
standard procedure. A final closure of the retention pond 
has been accomplished and the creek diverted around the 
more severely contaminated areas.

Although a 2 foot cover would seem adequate, evidence of 
past fires was noticed during the inspection. The source 
of the fire could not be attributed to the presence of 
white phosphorus, but the possibility does exist. Ad
ditional cover may be necessary.

Site 18a 13 a current sanitary landfill. It is a per
mitted landfill which is in compliance with state reg
ulations. No hazardous materials have been dumped here, 
although the rubber shell of a bouncing grenade was 
discovered on-site during the investigation. Due to the 
steepness of slope and lack of vegetative cover in areas, 
several erosional ravines gouge the landfill. Some of 
these gullies are 3 to 4 feet deep, although quite narrow. 
Further maintenance may be required at this site; however, 
there are no indications that hazardous wastes ■'are 
disposed here.



ATTACHMENT A

POTENTIAL HAZARDOUS WASTE SITE 
SITE INSPECTION REPORT SUPPLEMENT SHEET

Instruction - This sheet is provided to give additional information in 
explanation of a question on the form T2070-3,

Corresponding 
number on form 
(#3) Site 18b 
Facilities 
Rubble Pile

(M) Site 20b 
White Phosphorus 
Slag Burn Pit

V

Additional Remark and/or Explanation
Site 18b IS an open dump for rubble originating from the 
demolition of buildings or other structures on Pine Bluff 
Arsenal. All materials are either cleaned or decontaminated 
before they are brought here. There is no evidence of the 
disposal of any liquids or hazardous materials; only wood, 
concrete, and asphalt was observed.

Some of the demolished buildings originally contained haz
ardous materials. Although these were decontaminated prior to 
demolition and disposal at this site, a periodic check of the 
completeness of the decontamination procedure may be warranted 
due to the porous nature of the construction material.

Site 20b IS an abandoned pit used for the disposal of white 
phosphorus. While in use, 30 gallon drums of white phosphorus, 
white phosphorus grenades, and other white phosphorus waste was 
dumped over the face of a cliff and burned. Analyses of the 
soil have indicated phosphorus levels of 8760 ppm of PO^.
During the inspection, piles of slag as well as drums and 
undetonated grenades were noted along the slopes and bottom of 
the valley. Due to the local topography, drainage through the 
site IS inevitable. Ponded water was evident near the base of 
the dump area, and a large slough began just down gradient.
This slough eventually reaches the Arkansas River.

One surface soil sample was taken at this site. The analysis 
of this sample indicated a high concentration of lead (211 
ppm) .

White phosphorus is considered a hazardous waste due to its 
characteristic of ignitability and toxicity. Due to its low 
solubility (1 part in 300,000) and the surficial hydrologic 
characteristics of the immediate area, groundwater contamina
tion IS not expected to be a major concern. The possibility 
for surface water contamination, as well as the possibility of 
fires during drought conditions, dictates the necessity for 
closure of this site. The AEHA recommends closure of the site 
in place. However, the removal of contaminated material 
followed by incineration and disposal at a hazardous landfill 
should also be investigated.

Until closure operations are initiated, the FIT considers an 
imminent health hazard to exist at this site.



ATTACHMENT A

POTENTIAL HAZARDOUS WASTE SITE 
SITE INSPECTION REPORT SUPPLEMENT SHEET

Instruction - This sheet is provided to give additional information in 
explanation of a question on the form T2070-3.

Corresponding 
number on form
(#5) Site 24 
Thermite Waste 
Disposal Site

i A

iT
DDTC.C56

. <1 ‘ j
'J- ^ ^ Js ■

(#6) Site 26 
The Quality 
Assurance Drop 
Test Tower

Additional Remark and/or Explanation

Site 24 IS an active four-acre disposal site for thermite waste 
from the drop test tower and lead oxide waste from the bomb 
washout facility. High concentration of lead (180 ppm), zinc 
(271 ppm), beryllilum (5-6 ppm), cadmium (143 ppm), chromium 
(1520 ppm), nickel (281 ppm), and copper (2980 ppm) were 
detected at the site. The majority of these metals are 
generally insoluble or only slightly soluble and the oxides can 
be poisonous as a dust. Chromium and cadmium form more soluble 
compounds and have been demonstrated to be toxic to aquatic 
life.

One sediment sample was taken from the stream south and 
downstream from the site. Further monitoring of the streams 
that border the site may be necessary, particularly during 
rainfalls. Removal of the waste and subsequent disposal in a 
hazardous waste landfill should be considered.

Site 26 IS a concrete lined basin used to test fire all types 
of smoke and thermite grenades. The basin is 30 feet on a side 
and 6 feet deep, according to arsenal reports. However, the 
basin appears to be only 6 inches deep. Residue consisting of 
corroded canisters and grenades covers the bottom to a depth of 
2 to 16 inches. The basin drains to a sump 6x6x6 feet in 
measurement. Water which collects here is pumped to the 
central waste treatment area. In the past, solid wastes were 
either containerized and stored or dumped on the ground at site 
24, the Thermite Waste Disposal area. Now the solid wastes are 
hauled to the incinerator complex.

There is a small area adjacent to the drop tower (see photo 14) 
which appears to contain the same type rubble. This area is 
unlined and has no containment measures. No obvious run-off 
paths are visible. Debris in the basin and on the ground 
should be removed. If found to be hazardous, it should be 
disposed in a hazardous landfill.

Groundwater contamination is a slight possibility due to the 
relatively shallow depth of the water table. S.urface run-off 
may be a more likely path of contamination. That material 
which IS not in the concrete basins should be addressed first.



ATTACHMENT A

POTENTIAL HAZARDOUS WASTE SITE 
SITE INSPECTION REPORT SUPPLEMENT SHEET

Instruction - This sheet is provided to give additional information in 
explanation of a question on the form T2070-3.

Corresponding 
number on form
(#7) Site 29a 
Salt Pile

(#G) Site 31a 
Goat Slied 
Test SiLe

(#9) Site 31b 
Grenade Test 
Basin

Additional Remark and/or Explanation

This IS a 100 cubic yard salt pile located in the vicinity of 
an old chlorine manufacturing plant. The pile has been covered 
with asphalt to retard erosion and is non-hazardous as defined 
by RCRA.

No imminent hazards exist at the site; however,it is recom
mended that the waste material be removed and landfilled to 
adequately close the site.

Site 31a IS an abandoned smoke grenade test site. Although 
piles of waste material are not present, approximately one to 
two acres of ground is covered with residue from the smoke 
grenades and is devoid of vegetation. As is clearly evident 
from aerial photos and ground photos (#16, 17), erosi.onal 
patterns and surface drainage are prevalent on-site. A 

i^Tt^ediment sample was collected by the FIT from an area just 
southwest of the site. Subsequent analysis of this sample 
showed high concentrations of zinc (1430 ppm) and lead (2818 
ppm). On-site soils and sediments should be removed and taken 
to a hazardous waste landfill.

The grenade test basin is a concrete lined basin which is used 
to test all types of smoke and thermite grenades. The basin is 
drained by a sump which directs run-off to the central waste 
treatment system. The drainage, at one time, flowed out into 
surface drainage paths, but this pathway has since been 
blocked.

The site is still used on occasions. While in the past, 
residue removed from the pit was taken to the Thermite Waste 
Disposal area (site 24), the current practice is to haul excess 
residue to the incinerator complex. Proper maintenance of this 
area should eliminate any potential hazardous waste problem.



ATTACHMENT A

POTENTIAL HAZARDOUS WASTE SITE 
SITE INSPECTION REPORT SUPPLEMENT SHEET

Instruction - This sheet is provided to give additional information in 
explanation of a question on the form T2070-3,

Corresponding 
number on form 
(#10) Site 34 
NCTR Equalization 
Pond

(#11) Site 35 
North Oxidation 
Pond

(#12) Site 36 
Industrial Sludge 
Lagoons

(#13) Site 37 
South Oxidation 
Pond

Additional Remark and/or Explanation

This site IS a small equalization pond which was used by the 
National Center for Toxicological Research prior to June 1980. 
Sludge and water samples have been analyzed by the Army and are 
non-hazardous as defined by RCRA.

No hazards were noted during the inspection and no future 
sampling is recommended.

Site 35 13 an active, unlined 70 acre foot oxidation pond. It 
IS listed as outfall 001 on the Pine Bluff Arsenal NPDES permit 
and 13 currently in compliance with permit regulations. The 
pond handles domestic sewage from the National Center for 
Toxicological Research and the northern portion of the arsenal. 
No production waters are involved, and there is no evidence of 
any hazardous materials reaching this particular system. A 
chlorination system, checked daily by the facilities e'ngineer on 
the arsenal, adds chlorine to the final effluent. This system 
does not automtically adjust foe changes in flow, and must 
therefore be changed manually. The effluent travels about 4 
miles before entering the Arkansas River. There is no evidence 
that any hazardous materials are being stored or disposed at 
this site.

Site 36 consist of two lined lagoons, each having a capacity of 
approximately 4.6 million gallons. At present, only one lagoon 
IS "on line" to receive wastewater. The water is "final treated 
water" which enters the lagoons to settle out solids. The 
lagoon has not been dredged, but future plans call for the 
disposal of the dried and treated sludge in a planned hazardous 
waste landfill. At the present time, the lagoons do not 
represent a potential hazard.

Site 37 IS an active, unlined oxidation pond which serves the 
southern end of Pine Bluff Arsenal. Only domestic wastes are 
accepted for this disposal system. The outfall passes through 
South Production Creek to the Arkansas River. There is no 
indication that hazardous wastes are stored in this pond.



ATTACHMENT A

POTENTIAL HAZARDOUS WASTE SITE 
SITE INSPECTION REPORT SUPPLEMENT SHEET

Instruction - This sheet is provided to give additional information in 
explanation of a question on the form T2070-3.

Corresponding 
number on form 
(#14) Site 39 
Pine Bluff 
Oxidation 
Pond

(#15) Site 40
Incinerator
Complex

•. * ^

tUUiti-ilL-
it

(#16) Site 41 
Future Hazardous 
Landfill

Additional Remark and/or Explanation

Site IS 39 IS a 100 acre, unlined oxidation pond leased to the 
City of Pine Bluff. Access to the pond is not available from 
the arsenal. There is no indication that hazardous wastes are 
disposed here. Dennis Green of the Arkansas Department of 
Pollution Control and Ecology has inspected the facility 
frequently and found it to be in compliance with all applicable 
regulations.

Site 40, the incinerator complex, presently consists of a teat 
incinerator, deactivation furnace, and a chaingrate inciner
ator. A fluid bed incinerator will be on line in 1983. It is 
not the operation of the incinerators that is of interest in" 
this report, but rather the disposal of wastes which have passed 
through the incinerators. A temporary storage yard has been 
constucted adjacent to the incinerator complex and it is here 
that waste materials accumulate. In a loosely organiz'ed 
fashion, those materials which have already passed through the 
incinerators are segregated from materials which have not yet 
been incinerated. There is also some segregation of salvagable 
materials. The open dumpsters (photo 29) contain material 
contaminated with white phosphorus. Ash from the incinerators 
contains cadmium and hexachloroetha’ne.

At the time of the inspection, no migration of contaminated 
materials was noted. However, open drums and dumpsters 
presented a possible means of migration. A small drainage ditch 
was therefore sampled downstream from the site. Subsequent 
analysis of this sample detected no significant contaminants.

This is a future site for the new hazardous waste landfill. 
Permitting has not been completed and no construction has begun.

No inspection was made on this facility.

No supplemental form has been prepared for this site as it would 
be non-applicable.



ATTACHMENT A

POTENTIAL HAZARDOUS WASTE SITE 
SITE INSPECTION REPORT SUPPLEMENT SHEET

Instruction - This sheet is provided to give additional information in 
explanation of a question on the form T2070-3.

Corresponding 
number on form 
(#17) Site 42 
Backwash Pond

(#18) Site 43 
White Phosphorus 
Pollution Abatement 
Facility

Additional Remark and/or Explanation

Site 42 IS the backwash pond for the drinking water 
system. There is no industrial input. The overflow goes 
to central waste treatment. The sludge is pumped to 
drying beds at the sewage treatment plant. There is no 
indication of the presence of hazardous wastes and no 
indication of a potential hazard.

Site 43 (see photo 31) is an active facility for the 
dewatering of "phossy water" and air pollution control for 
the production of white phosphorus (elemental 
phosphorus). Due to the limited production of white 
phosphorus, the pollution abatement system has not 
accumulated enough wastes to initiate the disposal plan. 
Two operations lead to the generation of waste. The 
dewatering of "phossy water" leads to the generation of 
sodium phosphate salts. These salts will be drummed for 
disposal at the planned hazardous landfill. At present, 
there is insufficient accumulation to warrant disposal.
Any excess water in this stage of the operation is sent to 
the Central Wastes Treatment Center. The second operation 
deals with air pollution control. At this stage, white 
phosphorus drops out as a slag while contaminated water 
goes to the Central Waste Treatment Center. The slag will 
be sent to the incinerator complex to be processsed by the 
liquid bed incinerator. At present, no slag has been sent 
to the incinerator complex, as insufficient quantities 
have built up to warrant disposal.

The white phosphorus pollution abatement facility 
presently generates no hazardous material. During future 
operations of the facility, the proper operation of all 
components of the system will ensure the proper disposal 
of hazardous materials.

No supplemental form has been prepared for this site as it 
would be non-appp11Cab1e.



AmCHMENT A
POTENTIAL HAZARDOUS WASTE SITE 

SITE INSPECTION REPORT SUPPLEMENT SHEET

Instruction - This sheet is provided to give additional information in 
explanation of a question on the form T2070-3.

Corresponding 
number on form
(#19) Site 7b 
Lewisite Disposal 
Site

Jj

fyr-Ar'<\
HoDpp f'-''

(#20) Site 7c 
Mustard Burn 
Yard

! I ^ IV

(#21) Site 10 
Depot Burning and 
Demolition Area

Additional Remark and/or Explanation
This IS an abandoned 5-acre impoundment with two broken dams. A 
white limey sludge up to 5 feet thick covers the site and has 
begun to migrate downstream along Phillips Creek. Army analysis 
of this sludge yielded high concentrations of arsenic and 
selenium with measurable amounts of chromium and mercury. The 
analysis of a sample collected by the FIT confirmed the presence 
of arsenic (1700 ppm) and mercury (72 ppm) in significant 
concentrations. Approximately 420,000 cubic feet of the sludge 
lies exposed at the site. An imminent health hazard exists 
because of the contents and mobility of this sludge.

The FIT recommends that the site be closed and secured imme
diately. Contaminated soils should be disposed in a hazardous 
landfill and monitoring wells should be installed around the .. 
site to determine if groundwater contamination has occurred.

This IS a 1/2 acre site near the southeast corner of ttie toxic 
storage yard (site 7A) which was used as a burn yard for old 
mustard agents (See photos 34 & .33). Noxious fumes were en
countered during the inspection and the soils were observed to 
be yellow to black. Army laboratory analyses indicated that 
these soils contain arsenic, chromium, mercury, zinc, and sul
fates. The analysis of a sample collected by the FIT confirmed 
the presence of arsenic (188 ppm) and mercury (424 ppm) in 
significant concentrations.

A tributary of Phillips Creek flows through this site and 
represents a potential pathway for contaminants to migrate into 
the Arkansas River.

An imminent health hazard exists at this site due to the con
taminated nature of the soils and their proximity to Phillips 
Creek. The FIT recommends that the site be closed and secured 
immediately. Contaminated soils should be disposed in a haz
ardous landfill and monitoring wells should be installed around 
the site to determine if groundwater contamination exists.

No supplemental form has been prepared for this site as it would 
be non-applicable.

This IS an area of unsorted waste piles of drummed waste, ammu
nition packing crates and boxes, old ordnance shells, refuse, 
etc (See photos 36-39). Four open burning trenches and cages 
are located along the southwestern edge of the site.



AHACHMENT A

POTENTIAL HAZARDOUS WASTE SITE 
SITE INSPECTION REPORT SUPPLEMENT SHEET

Instruction - This sheet is provided to give additional information in 
explanation of a question on the form T2070-3.

Corresponding 
number on form 
(Con't, qf Site IQ) v)(' / Cpp'^^

•,'C. ‘r.'i 
' '-“.r ^

' T .inuurr\

(#22) Site 17 
Product Assurance 
Test Range and 
Dump Site

165

iV>- ^

P.c

(#23) Site 20a 
Depot South Burn 
Pit and Storage 
Area

Additional Remark and/or Explanation

(Co n't. of Site 10)
The FIT collected samples from two of these trenches. Sub
sequent analysis of these samples indicated high concentrations 
of arsenic (13.1 ppm), zinc (899 ppm), lead (120 ppm), cadmium 
(226 ppm), copper (560 ppm) and PCB-1254 (71 ppb). The army 
considers this area an "open dump" as defined by RCRA and 
recognizes the imminent health hazard it represents. However, 
no formal closure plans have been adopted.

The FIT recommends that the site be closed and secured imme
diately. Contaminated soils should be disposed in a hazardous 
landfill and monitoring wells should be installed to determine 
if groundwater contamination has occurred.

This site was used for the testing of smoke grenades and the 
disposal of refuse materials such as expended smoke grenades and 
pyrotechnic devices. This refuse was deposited without cover 
along and down the escarpment whJ.ch rims Yellow Lake.

Army analysis of the residue and soil from the dump site showed 
evidence of explosive contaminants (2,A DNT and 2,6 DNT) and 
cadmium. A sediment sample collected by the FIT from the base 
of the escarpment contained 153 ppm zinc.

Yellow Lake collects all run-off from the dump site escarpment 
and 13 drained by an unnamed stream which flows directly into 
the Arkansas River. An aqueous sample was collected by the FIT 
from this stream (sample location 02). Subsequent analysis 
revealed the presence of 4,4 DOT and its metabolites, aluminum, 
manganese and arsenic. An imminent health hazard exists at this 
site due to the contaminated nature of the soils and their 
tributary link to the Arkansas River. The FIT recommends that 
this site be immediately closed and secured. Contaminated soils 
and wastes should be disposed in a hazardous landfill and 
monitoring wells should be installed around the site to 
determine if groundwater contamination has occurred.

No supplemental form has been prepared for this site as it would 
be non-applicable .

Ths.s 13 an old burn and dump site for contaminated explosive 
materials and drummed miscellaneous waste. Other wastes (wood 
and metal) are stacked indiscriminately around the site (See 
photos 40-42). There is no evidence of past spills throughout



ATTACHMENT A

POTENTIAL HAZARDOUS WASTE SITE 
SITE INSPECTION REPORT SUPPLEMENT SHEET

Instruction - This sheet is provided to give additional information in 
explanation of a question on the form T2070-3.

Corresponding 
number on form (Con't. of Site

(#24) Site 38 
Impregnite Sludge 
Lagoon

(#25) Site 7a 
Toxic Storage 
Yard

Additional Remark and/or Explanation
(Co n't. of site 20a)
the site, and there are no dikes around the perimeter. The area 
IS bounded on the north by a swamp which collects the run-off 
and empties directly into the Arkansas River. Chemical analyses 
of the swamp alluvium and on-site soils indicated high amounts 
of explosives (ROX; 2,4 ONT; and 2,6 ONT) and lead. Barium and 
cadmium were detectable in small quantities. An aqueous sample 
collected by the FIT from this swamp indicated 250 ppb 
manganese.

An imminent health hazard exists at this site due to the 
contaminated nature of the alluviurn/soi1 and the proximity to 
the Arkansas River. The FIT recommends that the site be 
immediately closed and secured. Monitoring wells should be 
installed around the site to determine if groundwater 
contamination has occurred.

The impregnite sludge lagoon is an unlined pit, 30 x 3.0 x 15 
feet deep, which received an impregnite and chloroethylene 
solvent stripper sludge after alum and lime flocculation 
treatment. Previous analyses have indicated low levels of 
cadmium and mercury.

The pit was designed for one order,.and has not been used in 3 
or 4 years. The pit is quite near to being full. Future 
operation of the impregnate plant will use a system whereby the 
sludge will be hauled by truck to an incinerator rather than 
piping it to a settling pond.

The aerial photos indicate that the sludge pit is drying out.
At the time of the inspection, however, 3 to 4 inches of rain
water covered the pit. A drain system at one end of the pit 
(see photo 43) directs overflow to the central waste treatment 
system. A breach in the retaining wall at one corner of the pit 
IS shown in photo 44. This breach is for an unknown purpose, 
being apparently man made. Close inspection indicated that the 
slope was towards the pit, so run-off is not expected to be a 
problem at this area. Groundwater contamination, however, 
remains a potential area of concern.

The FIT, therefore, recommends that monitoring wells be 
installed around the pit to determine if groundwater 
contamination has occurred.

This IS a 40-acre facility used to store hazardous 
materials and wastes (See photos 45-40). Numerous spills 
have occurred at this site due to container corrosion and 
an imminent hazard exists. The Army considers this 
storage yard an "open dump" and recognizes the need to



ATTACHMENT A

POTENTIAL HAZARDOUS WASTE SITE 
SITE INSPECTION REPORT SUPPLEMENT SHEET

Instruction - This sheet is provided to give additional information in 
explanation of a question on the form T2070-3.

Corresponding 
number on form 

(Con't.of 
Site 7a)

(#26) Site 7d 
TSY Borrow 
Pits

(#27) Site 11a 
Sediment 
Retention 
Basin #1 (SRB-1)

Additional Remark and/or Explanation(con't. of site 7a)
close the facility. However, no appropriations have been 
made to adequately secure the site.

The FIT recommends that samples be taken from several 
erosional gullies along the southern boundary of the yard 
to determine the extent of off-faci1ity contamination. 
Samples from nearby monitoring wells (WES wells No. 43, 
62, 63, 64, 65, 80, and 81) should also be collected to 
ascertain whether or not current groundwater contam
ination exists.

This site consists of two abandoned borrow trenches south 
of the toxic stora’ge yard (site 7a). The trenches are 
parallel and are filled with water. The north trench is 
an old disposal site for garbage and unknown materials. A 
spring which flows from the TSY (toxic storage yard) feeds 
the north pit and oxidizes the sediment to a rusty red 
color. Laboratory analysis of the sediment indicated the 
presence of As, Ba, Cd, Hg, and Zn ; however, they were 
well below the hazardous levels as described by RCRA.

An Army study has suggested that these pits be closed in 
place, capped with 18 inches of natural soil, and seeded 
with a resistant, fast-growing grass to retard erosion.

It IS recommended by the FIT that the water in these pits 
be sampled before any de-watering begins.

A medium level of hazard should be assigned this site 
because of its close, downslope proximity to the toxic 
storage yard and the unknown chemical quality of its 
water.

This site IS one of three sediment retention basins being 
used to capture run-off and DDT-contaminated sediment from 
an old DOT manufacturing facility. The sediments from 
these basins are currently being removed via dredging and 
placed into the DDT waste landfill (site Ilf).

No hazards were ^observed at this site during the in
spection; however, samples of nearby monitoring wells (WES 
wells No. 43, 44, 45, 46, 53, 62, and 67) should be 
collected to determine if groundwater contamination 
currently exists.



ATTACHMENT A

POTENTIAL HAZARDOUS WASTE SITE 
SITE INSPECTION REPORT SUPPLEMENT SHEET

Instruction - This sheet is provided to give additional information in 
explanation of a question on the form T2070-3.

Corresponding 
number on form

(#28) Site 11b 
Sediment Retention 
Basin #2 (SRB-2)

(#29) Site 11c 
Sediment Retention 
Ba^in #3 (SRB-3)

(#30) Site lid 
DDT Storage in 
Basement, Bldg. 
54-270

Additional Remark and/or Explanation

This site IS one of three sediment retention basins being 
used to capture run-off and ODT-contaminated sediment from 
an old DDT manufacturing facility. The sediments from 
these basins are currently being removed via dredging and 
placed into the DDT waste landfill (site Ilf).

No hazards were observed at this site during the 
inspection; however, samples of nearby monitoring wells 
(WES wells No. 43, 44, 45, 46, 53, 62, and 67) should be 
collected to determine if groundwater contamination 
currently exists.

This site IS one of three sediment retention basins being 
used to capture run-off and DDT-contaminated sediment from 
an old DOT manufacturing facility. The sediments from 
these basins are currently being removed via dredging and 
placed into the DDT waste landfill (site Ilf).

No hazards were observed at this site during the 
inspection; however; samples of nearby monitoring wells 
(WES wells No. 43, 44, 45, 46, 53, 62, and 67) should be 
collected to determine if groundwater contamination 
currently exists.

This 18 a storage area for crusty-DDT, the contaminated 
soils from an old DDT manufacturing facility. This 
material is currently stored (in landfill fashion) in the 
basement of a par11a 1ly-demo 1ished building (see photo 57) 
and has a 2-foot clay cover. Approximately 15,000 cubic 
feet of DDT-contaminated soils lie buried within this 
site.

No obvious hazards were noted during the inspection. 
However, sampling of nearby monitoring wells (WES wells 
No. 43, 44, 49, 46, 53, 62, and 67) is recommended to 
determine if current groundwater contamination exists.



ATTACHMENT A
POTENTIAL HAZARDOUS WASTE SITE 

SITE INSPECTION REPORT SUPPLEMENT SHEET

Instruction - This sheet is provided to give additional information in 
explanation of a question on the form T2070-3.

Corresponding 
number on form
(#31) Site lie 
DDT Basement 
Storage, Bldg. 
54-325

(#32) Site Ilf 
DDT Waste 
Landfi11

(#33) Site 12 
Abandoned Mustard 
Burn Pits

Additional Remark and/or Explanation

This IS an storage area for crusty-DDT, the contaminated soils 
from an old DDT manufacturing facility. This material is 
currently stored (in landfill fashion) in the basement of a 
demolished building (see photo 58) and has a 2-foot clay cover, 
Approximately 23,100 cubic feet of DDT-contaminated soils lie 
buried within this site.

No obvious hazards were noted during the inspection. However, 
sampling of nearby monitoring wells (WES wells No. 43, 44, 45, 
46, 53, 62, and 67) is recommended to determine if current 
groundwater contamination exists.

This 13 a landfill area (see photo 59) used for the disposal of 
DDT-contaminated soils from an old DDT manufacturing facility 
and dredge spoil from the three sediment retention basins (sites 
11a, 11b, and 11c). Approximately 325,000 cubic feet 'of 
material lies buried within the site.

No erosional instability was observed and no surficial hazards 
were noted during the inspection. However, sampling of nearby 
monitoring wells (WES wells no. 43, 44, 45, 46, 53, 62, and 
67) IS recommended to determine if current groundwater 
contamination exists.

This 18 an abandoned dump and burn site for mustard munitions.
It IS surrounded by a dense growth of vegetation and 
investigations have confirmed the existence of burned, exploded, 
unexploded, and very weathered mustard munitions (see photo 60). 
The area has, however, been treated with a super tropical bleach 
for decontamination purposes.

Approximately 15,000 cubic feet of mustard munitona lie 
abandoned within the site.

This area can be considered an open dump and requires further 
evaluation and investigation to determine its hazard.
Therefore, the FIT recommends that several soil samples be 
collected from areas downslope of the waste material to deter-



AHACHMENT A

POTENTIAL HAZARDOUS WASTE SITE 
SITE INSPECTION REPORT SUPPLEMENT SHEET

Instruction - This sheet is provided to give additional information in 
explanation of a question on the form T2070-3.

Corresponding 
number on form
(Con't. of 
Site 12)

(#34) Site 15 
Sanitary Landfill

(#35) Site 27 
Agent BZ Pond

Additional Remark and/or Explanation

(Con't. of site 12)
mine the extent of surficial contamination. Monitoring wells 
should also be installed south and east of the site to ascertain 
whether current groundwater contamination exists.

No supplemental form has been prepared for this site as it would 
be non-appl1Cab1e.

This 13 a closed sanitary landfill and DDT site (see photo 61). 
Approximately 130,000 cubic feet of material lies buried here. 
The site is currently in compliance with RCRA and no hazards 
were observed during the inspection.

However, monitoring of WES wells No. 15 and 16 is recommended to 
ascertain whether current groundwater contamination exists.

The Agent BZ pond is an unlined,. 1/4 acre impoundment which 
received the following wastes; Agent BZ, impregnite, thermite 
and lead oxide (bomb washout of starter mix). Previous analyses 
of the sludge revealed high concentrations of lead and 
detectable concentrations of cadmium and barium.

A variety of effluents have reached the pond. The wastewater 
from the agent BZ production facility was directed to this pond 
after an alkaline was added to destroy the compound. Washwater 
from the decontamination of the BZ plant was also placed into 
this pond. Subsequent operations yielded washwaters containing 
bomb washout of igniter material and impregnite sludges. The 
impregnite operation which lasted from 1972 and 1975 was the 
last active use of the pond*

The pond is in an area of Pleistocene terrace deposits. An 
intermittent stream flows eastward just north of the pond. It 
was into this stream that the treated pond water was piped (see 
photo 63). Groundwater flow is to the east, and occurs about



AHACHMENT A

POTENTIAL HAZARDOUS WASTE SITE 
SITE INSPECTION REPORT SUPPLEMENT SHEET

Instruction - This sheet is provided to give additional information in 
explanation of a question on the form T2070-3.

Corresponding 
number on form

(Con't. of 
Site 27)

(#36) Site 23 
White Smoke 
Test PopJ

:a/. -lU
iAt. 

1 ^ .

Additional Remark and/or Explanation

(Cont* t . of site 27)
20 feet below the surface. Groundwater monitoring is necessary 
at this site. At present, one monitoring well is located 
east-northeast of the site. Upgradient and downgradient wells 
should be installed and monitored. In addition, the FIT 
recommends that samples be collected fro* the small stream 
north of the site be colled from the small stream north of the 
site (water/sediment, upstream 4 downstream) and checked for 
ino rganics .

The White Smoke test pond is an unlined pond used for testing 
white smoke grenades and smoke pots. In addition, materials 
relating to the testing of these products have been dumped here. 
Analyses of the materials by the arsenal has indicated high 
levels of cadmium, lead, and zinc.

An inspection of the pond revealed a site littered with refuse 
from the testing process. The pond bottom was almost covered 
with spent grenades and smoke pots (see photos 64-65). In 
addition the water was lifeless and had a pH of 5 to 5.5.

A sediment sample was taken from the drainage area southwest of 
the pond. Subsequent analysis of this sample showed 185 ppm 
zinc.

Since the pond is unlined, a potential exists for groundwater 
contamination. Further monitoring of the waste characteristics 
and water chemistry may be necessary to fully determine the 
extent of the hazard at this site. The FIT therefore recommends 
that an aqeuous sample be collected from the pond to determine 
this potential.

Monitoring wells should also be installed around the pond to 
ascertain whether groundwater contamination has occurred.



Site 16a - White PI jphorus Settling Pond (#1)

LANDFILLS SITE INSPECTION REPORT
(Supplemental Report)

INSTRUCTION 
Answer and Explain 
as Necessary.

I. EVIDENCE OF SITE INSTABIUIT Y rEro«fon, Settling, Sink Holea, ate)
□ yes cS no See photo's 1-2

2. EVIDENCE OF IMPROPER DISPOSAL OF BULK LIQUIDS. SEMI-SOLIDS AND SLUDGES INTO THE LANDFILL 
Q '■ES [3 NO

3. CHECK RECORDS OF CELL LOCATION AND CONTENTS AND BENCHMARK 
Q YES NO

4. WASTES SURROUNDED BY SORBENT MATERIAL 
Cl YES O NO

S. DIVERSION STRUCTURES ARE EFFECTIVELY CONSTRUCTED AND PROPERLY MAINTAINED
iXn yes rn no

S. EVIDENCE OF PONDING OF WATER ON SITE 
o yes (II NO

7. EVIDENCE OF IMPROPER/IN ADEQUATE DRAINING 
Cl yes (XI NOS

8. ADEQUATE LEACHATE COLLECTION SYSTEM (U ’-Yam”, apeeitr Type)
(Cl yes di NO No leachate expected for this type of waste

3a. SURFACE LEACHATE SPRING 
(Cl yes [Xn no

9. RECORDS OF LEACHATE ANALYSIS 
(Cl yes (^ no

10. gas monitoring 
(Cl yes (XI no

II. groundwater monitoring wells 
(XI YES (C! NO Not specifically related to this site

12. ARTIFICIAL MEMBRANE LINER INSTALLED 
C3 yes (XI NO

13. SPECIFIC CONTAINMENT MEASURES fC/ay Bottom. SIdoa.ole)
(XI yes (Cl no Local clay soil bottom

14. FIXATION (Stabtlloallon) OF WASTE

HP yes (C no White phosphorus was burned before covering
IS. ADEQUATE CLOSURE OF INACTIVE PORTION OF FACILITY 

HP YES (C NO

16. COVERfTypeJ
Local soil

16a. THICKNESS
2 feet

ISb. PERMEABILITY
Moderate

16«. DAILY APPLICATION 
YES ICI NO

EPA Pomi.TJ070.3E (10.7<»i



Site 18a - t itary Landfill (#2)

LANDFILLS SITE INSPECTION REPORT
(Supplemental Report)

INSTRUCTION 
Answer and Explain 
as Necessary.

. EVIDENCE OF SITE INSTABIUITY fEroeion, Settling, Sink Holma, ate)
Cj] Y6S □ NO See photo's 3-4, Deep (up to 4 ft.) channels have eroded away

2. evidence of improper disposal of bulk liquids. SEMI-SOLIDS AND SLUDGES INTO THE LANDFILL 
O yes CJl NO

3. CHECK RECORDS OF CELL LOCATION AND CONTENTS AND BENCHMARK 
□ YES CXl NO

4. WASTES SURROUNDED BY SORBENT MATERIAL
Cn yes og

5. DIVERSION STRUCTURES ARE EFFECTIVELY CONSTRUCTED AND PROPERLY MAINTAINED
Cl yes rXl no Run-off follows natural contours

8. evidence of ponding of water ON SITE
□ yes NO

7. evidence of improper/inaoequate draining 
CX YES ciNox steep slopes have severe erosion problem

a. ADEQUATE leachate COLLECTION SYSTEM f//
Cl yes c:X no None

apmcily Type>

8a. surface LEACHATE SPRING 
O YES Q? HO

9. RECORDS OF LEACHATE ANALYSIS 
o yes CX no

10. GAS MONITORING 
Cl yes CX no

11. GROUNDWATER MONITORING WELLS
YES Cl HO Not specifically related to landfill

12. ARTIFICIAL MEMBRANE LINER INSTALLED 
□ YES □( HO

13. SPECIFIC CONTAINMENT MEASURES (Clay Bottom, Sldaa.ate)
CJ yes Cl ho Local clay in soil

14. FIXATION (Stabillamtion) OF WASTE 
CJ yes Cl ho

IS. ADEQUATE CLOSURE OF INACTIVE PORTION OF FACILITY 
c2 yes C ho

16. COVERfType)

Local soil

16*. thickness 
24 to 36 inches

16l>. PERMEABILITY

Moderate to high permeability

16c. DAILY APPLICATION 
QD YES Q NO



18b - Facilities RuL e Pile (#3)

STORAGE FACILITIES SITE INSPECTION REPORT
iSuf’/t’UK'nM/ RK'pnrt)

INSTRUCTION

Answer and Explain 
as Necessary.

t STORAGE AREA HAS CONTINUOUS IMPERVIOUS BASE 
'T 1 yes rX] NO

2 STORAGE AREA HAS A CONFINEMENT STRUCTURE
Crn Y ES QQ NO

3. EVIDENCE OF L EAK AGE/OVER FLOW (U documttnt u/n*rt* tifiU how nuu h rttnoH !•* oxK'rflowtnfi or Ituikitiii (rom i ontuinmcnt)

ri YES CX] NO f^o liquid materials are stored here. The area is a rubble pile where 
concrete, asphalt, and wood from the destruction of buildings is piled. Buildings 
which may have contained hazardous materials were decontaminated before demolition.

4. ESTIMATE TYPE ANO NUMBER OF BARRELS/CO N TAI N ERS
None

S. GLASS OR PLASTIC STORAGE CONTAINERS USED 
O YES m NO

6. ESTIMATE NUMBER ANO CAPACITY OF STORAGE TANKS

None. Approximately 2,000 tons of rubber on-site, See photo 5

7. NOTE LABELING ON CONTAINERS
N/A

a. EVIDENCE OF LEAKAGE CORROSION OR BULGING OF BARRELS/CONTAINERS/STORAGE TANKS nt“Yea", documant evidenca. Describe 
location and extent ot damage. Talte PHOTOGRAPHS)

I I yes r~y NO

9. DIRECT VENTING OF STORAGE TANKS 
I I YES NO

10. CONTAINERS HOLDING INCOMPATIBLE SUBSTANCES (ll "Kea", documant evidence. Daacriba location and Identity oi haaardoue 
waata. Take PHOTOGRAPHS.)

I I yes [XD no

11. INCOMPATIBLE SUBSTANCES STORED IN CLOSE PROXIMITY (ll ••Yea", document evidence, Daacriba location and identity ol 
haaardoaa waata. Take PHOTOGRAPHS.)
□ YES UP NO

12. ADEQUATE CONTAINER WASHING ANO REUSE PRACTICES 
□ YES □ NO N/A

IS. ADEQUATE PRACTICES FOR DISPOSAL OF EMPTY STORAGE CONTAINERS 
□ YES □ NO N/A

EPA Form T2070-30 {10-79)



Site 20b - Wh Phosphorus Slag Burn Pit iM)

LANDFILLS SITE INSPECTION REPORT
(Supplemental Report)

INSTRUCTION 
Answer and Explain 
as .Vecessary.

I. EVIOENCe OF SITE INSTABILITY (Eroaion, Stttlint, Sink HoUa. ate)
CD Y6S o NO Erosion on banks

2. EVIDENCE OF IMPROPER DISPOSAL OF BULK LIQUIDS. SEMI-SOLIDS AND SLUDGES INTO THE LANDFILL
CH YES □ NO White phosphorus was burneci here. Some unburned residue remains.

3. CHECK RECORDS OF CELL LOCATION AND CONTENTS AND BENCHMARK

O YES NO

4. WASTES SURROUNDED BY SORBENT MATERIAL

Cl '^£3 NO

S. DIVERSION STRUCTURES ARE EFFECTIVELY CONSTRUCTED AND PROPERLY MAINTAINED

Cl YES NO

6. EVIDENCE OF PONDING OF WATER ON SITE 
rX YES d NO

7. EVIDENCE OF IMPROPER/INADEQUATE DRAINING
cx yes cri non

a. ADEQUATE leachate COLLECTION SYSTEM (II "Yaa", apacity Typa) 
n yes NO

a«. SURFACE leachate spring 
□ YES CX

9. RECORDS OF LEACHATE ANALYSIS

O yes CX no

10. GAS MONITORING

□ yes CX no

n. GROUNDWATER MONITORING WELLS 
n YES NO

12. ARTIFICIAL MEMBRANE LINER INSTALLED
□ [Xn NO

13. SPECIFIC CONTAINMENT MEASURES (Clay Bottom, SIdaa.atc) 
d YES C:)[nO

14. FIXATION fsr.b.».-iion;OF WASTE White phosphorus was burned in place. However, evidence of
1X1 YES □ no unexploded grenades was found. See photo's 6-8.

IS. ADEQUATE CLOSURE OF INACTIVE PORTION OF FACILITY
1 1 YES X NO

16. COVERCType;
None

16a. THICKNESS

None

,16b. permeability

N/A

16c. DAILY APPLICATION 
□ YES m NO

ERA Farm. T2070-3E (10-79)



Site 24 - T! nite Waste Disposal (#5)

STORAGE FACILI TIES SITE INSPECTION REPORT
(Sur-’/t'mi'nM/ Ri.-p'>rtj

INSTRUCTION 
Answer and Explain 
as Necessary.

1 STORAGE AREA HAS CONTINUOUS IMPERVIOUS BASE 
1 YES n]|[ NO

2 STORAGE AREA HAS A CONFINEMENT STRUCTURE

YES NO

3. EVIDENCE OF L E AK AG E/O VER F LOW (It documenr u/iere and /ion nun h nmofi it ui t*rfJon in/i or /.wijcirie from i tinluinmertf)
[33 YES □ NO Drainage paths through the site are evident (see photo's 10, 11),

4. ESTIMATE TYPE AND NUMBER OF BARR ELS/CON TAIN ERS
None

5. GLASS OR PLASTIC STORAGE CONTAINERS USED 
□ YES (XO NO

6. ESTIMATE NUMBER AND CAPACITY OF STORAGE TANKS
None-approxitnately 1,000 ft. of material piled and spread over 4 acre site.

7. NOTE LABELING ON CONTAINERS

None

8. EVIDENCE OF LEAKAGE CORROSION OR BULGING OF BARRELS/CONTAINERS/STORAGE TANKS rfr"ye»", document avidenca. Daacriba 
location and axtant of damage. Taka PHOTOGRAPHS)

I I YES CJ NO

9. DIRECT VENTING OF STORAGE TANKS 
□ YES So NO

10. CONTAINERS HOLDING INCOMPATIBLE SUBSTANCES (It "yaa", document avidanca. OaacrtOa location and Idmntity of hasardoua 
waata. Taka PHOTOGRAPHS.)
□ YES QD NO

II. INCOMPATIBLE SUBSTANCES STORED IN CLOSE PROXIMITY (U "yaa", document aaidanca. Daacrfba location and identity of 
hanrdoam iraara. Taka PHOTOGRAPHS.)
□ YES (jg NO

12. ADEQUATE CONTAINER WASHING AND REUSE PRACTICES 
I I YES □ NO I''!/A

1J. ADEQUATE PRACTICES FOR DISPOSAL OF EMPTY STORAGE CONTAINERS 
□ YES O NO N/A

EPA Form T2070-3D (10-79)



Site 26 - Quuiity Assurance Drop Test Tower (#6)

STORAGE FACILITIES SITE INSPECTION REPORT
(SuFi/t'mc'nf.i/ Report)

INSTRUCTION 
Answer and Explain 
as Necessary.

I STORAGE AREA HAS CONTINUOUS IMPERVIOUS BASE

r-’NO storage is in a concrete basin
2. STORAGE AREA HAS A CONFINEMENT STRUCTURE

YES dno Concrete dikes

3 • E VIDENCE OF L EAK AG £/O VER F LOW (U “yea", document \\ltr‘ro nt\U how mm h rtinoH i'< o\ifi*; <»r Ititkinti from i. ontuinment)
YES □ NO An overflow of debris has occurred due to infrequent disposal 

of material. Also, an old test area nearby contains similar material spread 
on the ground. (See photo's 12-14)

4. ESTIMATE
None

TYPE AND NUMBER OF BARRELS/CONTAINERS

5. GLASS OR PLASTIC STORAGE CONTAINERS USEO 
□ YES m NO

6. ESTIMATE NUMBER AND CAPACITY OF STORAGE TANKS

None. Approximately 2 tons of debris resulting from testing smoke grenades and canister
7. NOTE LABELING ON CONTAINERS

N/A

8. EVIDENCE OF LEAKAGE CORROSION OR BULGING OF BARRELS/CONTAINERS/STORAGE TANKS nV'Yaa", doeumanl avidanca. Describe 
location and axtent ot damage. Taka PHOTOGRAPHS)

I I YES NO

9. DIRECT VENTING OF STORAGE TANKS 
rXl YES □ NO

to. CONTAINERS HOLDING INCOMPATIBLE SUBSTANCES (It •‘Yaa", doewnant avidanca, Daaeriba location and Idanllty ol haaardoua 
waata. Taka PHOTOGRAPHS.)

I I YES NO

11. INCOMPATIBLE SUBSTANCES STORED IN CLOSE PROXIMITY (It "Yaa”, doewnant avidanca, Daaeriba location and identity ol 
haaardoua waare. Take PHOTOGRAPHS.)

I ) YES NO

12. adequate container washing and reuse practices 
□ YES □ NO N/A

13. adequate practices for disposal of empty storage containers
□ YES □ NO N/A ____________

EPA Form T2070-3D 0 0-79)



Site 29A - Salt r'ile (Open Dump) (#/;

STORAGE FACILI TIES SITE INSPECTION REPORT
(Sup'ilvmfnt.il Rcpnrt)

INSTRUCTION

Answer and Explain 
as Necessary.

1. STORAGE AREA MAS CONTINUOUS IMPERVIOUS BASE

^:iYEs NO *100 cubic yd. salt pile covered w/asphalt to retard erosion.
2. STORAGE AREA HAS A CONFINEMENT STRUCTURE

cn vEs NO
3. EVIDENCE OF LEAKAGE/OVERFLOW (It “Yisn‘*. docum*»rit u .isi^ /ioli mm h it u i ir* <4 lie 1 tHi le Jptil iei\eei . ■ i rt # ir t at #«• asat# \

rn YES (jS NO

4. ESTIMATE TYPE AND NUMBER OF BARRELS/CO N TAIN ERS
N/A

5. GLASS OR PLASTIC STORAGE CONTAINERS USED 
□ □ NO

6. ESTIMATE NUMBER AND CAPACITY OF STORAGE TANKS

N/A

7. NOTE LABELING ON CONTAINERS

N/A

8. EVIDENCE OF LEAKAGE CORROSION OR BULGING OF 8ARRSLS/CONTAINERS/STORAGE TANKS (Jr*YeM“, documenf 9vi<ionce» Descrtbo 
locmtion and axtant oi damaga. Taka PHOTOGRAPHS)
O YES □ NO N/A

9. DIRECT VENTING OF STORAGE TANKS 
□ 7ES □ NO N/A

10. CONTAINERS HOLDING INCOMPATIBLE SUBSTANCES (H "Yf", doetment evidanc*. Dtterlb* location and Identity ol haxardoua 
iraato. Talta PHOTOGRAPHS.)

N/A

11. INCOMPATIBLE SUBSTANCES STORED IN CLOSE PROXIMITY (II "yaa", doeumant aaidanca. Deeeribe location and identity ol 
haaafdotta wmete. Teke PHOTOGRAPHS.)

I I YES C;J5 NO

12. ADEQUATE CONTAINER WASHING AND REUSE PRACTICES 
O YES □ NO N/A

13. ADEQUATE PRACTICES FOR DISPOSAL OF EMPTY STORAGE CONTAINERS 
□ YES □ NO N/A

EPA Form T2070-3D (10-79)



Site 31a - Prouoct Assurance Test Site (Goat Shed Test Site) (#8)
STORAGE FACILI TIES SITE INSPECTION REPORT

tSuf'U'invnUil Roporf)

INSTRUCTION

Answer and Explain 
as Necessary.

1. STORAGE AREA HAS CONTINUOUS IMPERVIOUS BASE 
[“1 YES ryi NO

2. STORAGE AREA HAS A CONFINEMENT STRUCTURE 
vEs [jG NO

(JCl YES O NO
Drainage path passes through contaminated area.

4. estimate type and number of barrels/containers

None. The productis covered with residue from smoke grenade testing,
5. GLASS OR PLASTIC STORAGE CONTAINERS USED 
□ YES f~v1 NO

6. ESTIMATE NUMBER AND CAPACITY OF STORAGE TANKS

None

7. NOTE LABELING ON CONTAINERS
N/A

a. EVIDENCE OF LEAKAGE CORROSION OR BULGING OF BARRELS/CONTAINERS/STORAGE TANKS ('//■‘yes”, documani evidence, Deacriba 
location and extant ot damate. Taka PHOTOGRAPHS)
I I YES QD NO

9. DIRECT VENTING OF STORAGE TANKS 
I I YES CS NO

10. CONTAINERS HOLDING INCOMPATIBLE SUBSTANCES (It "Yaa", document evidence. Deaeribe location and identity ot haxatdoue 
waate. Take PHOTOGRAPHS.)

I I YES (23 NO

II. INCOMPATIBLE SUBSTANCES STORED IN CLOSE PROXIMITY (tt “Yea", document evidence. Deaeribe location and identity ol 
hatardoaa waate. Take PHOTOGRAPHS.)
□ YES ryi NO

12. ADEQUATE CONTAINER WASHING AND REUSE PRACTICES 
O YES CD HO N/A

13. ADEQUATE PRACTICES FOR DISPOSAL OF EMPTY STORAGE CONTAINERS 
I I YES [□ NO ________________________________________________

EPA Form T2070-30 (10-79)



Site - 31b tirenade Test Basin (#9)

STORAGE FACILITIES SITE INSPECTION REPORT
iSuF’'U'mvnuil R>.'pnrt)

INSTRUCTION 
Answer and Explain 
as Necessary.

t STORAGE AREA MAS CONTINUOUS IMPERVIOUS BASE
;)(l YES r-1 NO Concrete lined basin

2. STORAGE AREA HAS A CONFINEMENT STRUCTURE

YES □ NO Basin is 6 feet deep, but filled to overflowing in spots,
3. EVIDENCE OF LEAKAGE/OVERFLOW (^// “ Kecr”, Uocument whfrc «m</ hou mtn h runoff / frilowinn or hutkmii from c ontumment)

YES □ NO

Material is not liquid, but solid residue from test firing smoke and thermite 
grenades.

4. ESTIMATE TYPE AND NUMBER OF 8 AR RELS/CON T Al N ERS

Nemo - 1 nnn tn 1 Rnn mhir fppf nf rogiHup nn-cito
5. GLASS OR PLASTIC STORAC^E CONTAINERS USED 

YES I I NO

6. ESTIMATE NUMBER AND CAPACITY OF STORAGE TANKS

None. One concrete basin, 30' x 30' x 6'
7. NOTE LABELING ON CONTAINERS

N/A

8. EVIDENCE OF LEAKAGE CORROSION OR BULGING OF B ARRELS/CON TAIN ERS/STORAGE TANKS flVYam", document evidence. Deacrtbe 
location end extent oi damag*. Take PHOTOGRAPHS)

OP YES □ NO

Although containment basin is in generally good condition, overflow has occurred 
(see photo 18).

9. DIRECT VENTING OF STORAGE TANKS 
IT) YES □ NO

10. CONTAINERS HOLDING INCOMPATIBLE SUBSTANCES (II "Yee", document evidence. Deecribe location and Identity ol haxardoue 
waete. Take PHOTOGRAPHS.)

I I YES C3 NO

II. INCOMPATIBLE SUBSTANCES STORED IN CLOSE PROXIMITY (It "Yee", document evidence. Deecribe location end identity ot 
haaarttoue waete. Take PHOTOGRAPHS.)
□ YES CD NO

12. adequate container washing and reuse practices 
□ YES □no N/A

13. ADEQUATE PRACTICES FOR DISPOSAL OF EMPTY STORAGE CONTAINERS 
O YES O NO N/A

EPA Forn. T2070-30 (10-79)



Site 34 ,NCTR Equalization Pond (#10)

SURFACE IMPOUNDMENTS SITE INSPECTION REPORT
(Supplemental Report)

INSTRUCTION 
Answer and Explain 
as Necessary.

1. TYPE OF IMPOUNDMENT

Earthen. See photo 19
2. STABILITY/CONOITION OF EMBANKMENTS

Good
3. EVIOENCE OF SITE INSTABILITY fErosion, Saltlina, Sink Holes, etc.J

ZJ yes lI)5 no

«. EVIDENCE OF DISPOSAL OF IGNITA8LE OH "REACTIVE WASTE 
Z ' YES CX! "YO

S ONLY COMPATIBLE WASTES ARE STORED OR DISPOSED OF IN THE IMPOUNDMENT 
0(1 YES Cl NO

8. RECORDS CHECKED FOR CONTENTS AND LOCATION OF EACH SURFACE IMPOUNDMENT 
no YES O NO

7. IMPOUNDMENT HAS LINER SYSTEM 
CIl yes [Zj( NO

7a. INTEGRITY OF LINER SYSTEM CHECKED 
iy~l YES □ NO

7b. FINDINGS

No Liner
8 SOIL STRUCTURE AND SUBSTRUCTURE

Clay soil with sandy clay substrate
9. MONITORING WELLS

nn YES CZ NO Wells are in the area; however, none are site specific
10. LENGTH. WIDTH, AND DEPTH

LENGTH 175 ft. WIDTH 175 ft, 9 ft.
M. CALCULATED VOLUMETRIC CAPACITY

276,000 cubic feet
12. PERCENT OF CAPACITY REMAINING

55%
13. ESTIMATE FREEBOARD

5 feet
14. SOLIDS DEPOSITION 

LI YES NO

15 OREOOING DISPOSAL METHOD

None_______________
16. OTHER EQUIPMENT

N/A

E PA Form T2070-3C (10<79)



Sit^ 35 - North Oxidation Pond (#11)

SURFACE IMPOUNDMENTS SITE INSPECTION REPORT
(Supplemental Report)

INSTRUCTION 
Answer and Explain 
as Necessary.

I. TYPE Of impoundment

Earthen oxidation pond. See photo 20
2. STA0IL1TY/CONOIT1ON OF EMBANKMENTS

Excellent

3. EVIDENCE OF SITE INSTA0ILITY fEroaion, Seltlina, Sink Holes, etc.)
ZJ yes Z25 no

4. EVIDENCE OF DISPOSAL OF IGNITABLE On REACTIVE WASTE 
Z' yes do "YO

5 ONLY COMPATIBLE WASTES ARE STORED OR DISPOSED OF IN THE IMPOUNDMENT
x:iyes n no

6. RECORDS CHECKED FOR CONTENTS AND LOCATION OF EACH SURFACE IMPOUNDMENT 
YES O NO

7. IMPOUNDMENT HAS LINER SYSTEM 
Cl yes NO

7o. INTEGRITY OF LINER SY5,Tp|4 CHECKED 
□ YES I I NO W'

7b. FINDINGSN/A
8. SOIL STRUCTURE ANO SUBSTRUCTURE

Clay soil with sandy clay substrate

9. MONITORING WELLS
cXi YES cn NO Notrelated to ox. pond

10. LENGTH. WIDTH. AND DEPTH
LENGTH 1750 ft. WIDTH 350 ft. DEPTH 5 ft.

11. CALCULATED VOLUMETRIC CAPACITY
70 acre feet

12. PERCENT OF CAPACITY REMAINING

System is steady state. 6 to 10% capacity remains to 2 ft. freeboard,
13. ESTIMATE FREEBOARD

Greater than 3 ft,
14 SOLIDS DEPOSITION 

)C1 YES ICl NO
15. dredging DISPOSAL METHOD

Majority of solids removed at clarifier. Ox. pond is not dredged,
IS. OTHER EQUIPMENT

Chlorination system at outfall. System at present is not automatic and is set 
manually daily. (See photo 12)

ERA Form T2070-3C (10-79)



Site 36 - IndL rial Sludge Lagoons (#12)

SURFACE IMPOUNDMENTS SITE INSPECTION REPORT
(Supplemental Report)

INSTRUCTION 
Answer and Explain 
as Necessary.

I. TYPE OF IMPOUNDMENT

Industrial Sludge Lagoon (earthen) See photo 22
2. STA0IL1TY/CONO1TION OF EMBANKMENTS

Stable with excellent growth on banks
3. evidence of SITE INSTABILITY (Erosion, Stilling, Sink Holts, tic.) 

ZJ YSS Z3 NO

A. EVIDENCE OF DISPOSAL OF IGNITA8LE On "^pACTIVE WASTE 
Z’' YES Q(l NO

5 ONLY COMPATIBLE WASTES ARE STORED OR DISPOSED OF IN THE IMPOUNDMENT
LXl yes Cl NO

6. RECORDS CHECKED FOR CONTENTS AND LOCATION OF EACH SURFACE IMPOUNDMENT
n? CZ NO

7. IMPOUNDMENT HAS LINER SYSTEM
□0 yes cc! no Unknown material

7a. INTEGRITY OF LINER SYSTEM CHECKED 
I I yes NO

7b. PtNOINGS
N/A

a. SOIL STRUCTURE AND SUBSTRUCTURE

Clay soil with sandy clay substrate
9. MONITORING WELLS

QD Ygs c~i NO Not specifically related to impoundments
10. length, width, and depth 

LENGTH 500 ft. 80 ft. DEPTH 15 ft.
11. CALCULATED VOLUMETRIC CAPACITY

4.6 mill ion gallons for each of 2 impoundments
12. PERCENT OF CAPACITY REMAINING

Less than 5% in a steady state system
13. ESTIMATE FREEBOARD

18-24 inches
14. SOLIDS DEPOSITION

L:X) yes O no

15. DREDGING DISPOSAL METHOD

Sludge will be dried, treated, and hauled to hazardous landfill when available
16. OTHER EQUIPMENT

At present, only one lagoon is operating as a sludge lagoon.

The other lagoon, although full of water, does not receive any wastewater.

EPA Form T2070-3C (10-79)



Site 37 - S( 't Oxidation Pond (#13)

SURFACE IMPOUNDMENTS SITE INSPECTION REPORT
(Supplemental Report)

INSTRUCTION 
Answer and Explain 
as Necessary.

1, TYPE OP IMPOUNDMeNT

Oxidation pond. See photo 23
2. STASIUTY/CONOITION of embankments

Excellent growth, stable banks
3. evlOENCE OF SITE INSTABILITY (Eroaion, Settima. Sink Holes, olc.;

ZJ tes no

4. EVIDENCE OF DISPOSAL OF IGNITABLE OP 9F ACTIVE WASTE 
Z I Y es NO

S ONLY compatible wastes are STORED OR DISPOSED OF IN THE IMPOUNDMENT
CX) YES Cl HO

6. RECORDS CHECKED FOR CONTENTS AND LOCATION OF EACH SURFACE IMPOUNDMENT
rxi yes □ NO

7. IMPOUNDMENT HAS LINER SYSTEM
Cl '^es CX NO

7o. integrity of liner system checked 
□ yes C3 no N/A

7b. PINOiNCiS
N/A

8. SOIL STRUCTURE AND SUBSTRUCTURE
Clay soil with sandy clay substrate

9. MONITORING WELLS 
yes Cl NO Not specifically related to ox. pond

10. length, width, and depth 
LENGTH 420 ft. "'“th 370 ft. DEPTH 6 ft.

11.CALCULATED VOLUMETRIC CAPACITY
19 acre feet

12. PERCENT OF CAPACITY REMAINING

Sieadv^Jiate^ s^vstem - 5-10% capacity remaining
13. ESTIMATE FREEBOARD

24-36 inches
14. SOUtOS DEPOSITION 

/I YES O NO

15. DREDGING DISPOSAL METHOD

Nnnp-mn«;t «;ol id«; removed prior to entry into nx. pond.
16. OTHER EQUIPMENT

Chlorinator system

EPA Form T2070-3C (10-79)



Site 39 - P Bluff Oxidation Pond (#14)

SURFACE IMPOUNDMENTS SITE INSPECTION REPORT
(Supplemental Report)

INSTRUCTION 
Answer and Explain 
as Necessary.

I. TYPE Of IMPOUNDMENT

Oxidation pond. See photo 24
2. STA8ILITY/CON01T1ON OF EMBANKMENTS

Stable and at least 15 feet wide at top. Excellent cover growth.
3. EVIDENCE OF SITE INSTA8ILITY (Eroiion, Settling, Sink Holes, etc.)

ZJ tes XJ
4. EVIDENCE OF DISPOSAL OF IGNITA8LE OP f^EACTIVE WASTE

c T Es rrx
S ONLY COMPATIBLE WASTES ARE STORED OR DISPOSED OF IN THE IMPOUNDMENT 

c:)^ yes Cl NO
6. RECORDS CHECKED FOR CONTENTS AND LOCATION OF EACH SURFACE IMPOUNDMENT 

YES □ NO

7. IMPOUNDMENT HAS LINER SYSTEM
Cl '^es [XI NO

7a. INTEGRITY OF LINER SYSTEM CHECKED 
□ YES □ NO N/A

7b. FINDINGS
N/A

8. SOIL STRUCTURE AND SUBSTRUCTURE

Clay soil with sandy clay substrate.
9. MONITORING WELLS 

05 yes Cl NO Not specifically related to ox. pond, wells are at periphery.
10. LENGTH, WIDTH, AND DEPTH

2875 ft. 1 ,000 ft. 15 ft.
n. CALCULATED VOLUMETRIC CAPACITY

1 ,000 acre ft. _________
12. PERCENT OF CAPACITY REMAINING

Less than 5%
13. ESTIMATE FREEBOARD

24 to 36 inches
U. SOLIDS DEPOSITION 

□ NO

IS. DREDGING DISPOSAL METHODUnknown. Operated by City of Pine Bluff

16. OTHER EQUIPMENT

ERA Rofm T2070-3C (10-79)



Site 40 Incinerator Complex (#15)

STORAGE FACILI TIES SITE INSPECTION REPORT
R>.‘portj

INSTRUCTION 
Answer and Explain 
as Necessary.

t. STORAGE AREA HAS CONTINUOUS IMPERVIOUS BASE

tes r7i no containers are on an asphalt slab. See photo's 25, 26, 28 & 29.
2, STORAGE AREA HAS A CONFINEMENT STRUCTURE

‘jn NO

3. EVIDENCE OF L EAK AGE/OVER F LOW (// ''yes’*, c/ocume/jf u/itro «im/ /iom nun h runoU m o\ vtUow ttif* or trom iotitainment)

rn tes cX ho No liquid wastes are kept here, except for minor amounts
of laborabory waste. However, containers holding contaminated 
waste are in some cases exposed to air. Although visible run-off 
was not noted, the drainage path was sampled.

4. ESTIMATE TYPE AND NUM8ER OF BARR ELS/CON TAl N ERS

8 X 64 ft. open dumpsters - 360 x 55 gallon drums,
S. GLASS OR PLASTIC STORAGE CONTAINERS USED 
t] YES ^ NO

6. ESTIMATE NUMBER ANO CAPACITY OF STORAGE TANKS

None

7. NOTE LABELING ON CONTAINERS

There is generally no current labelling.

8. EVIDENCE OF LEAKAGE CORROSION OR BULGING OF BARRELS/CONTAINERS/STORACE TANKS docuoiant eridanca. Oeacribo
location and extent of damage. Take PHOTOGRAPHS)

I I YES

9. DIRECT VENTING OF STORAGE TANKS

(Xl yes □ NO Many drums and all dumpsters are open.
10. CONTAINERS HOLDING INCOMPATIBLE SUBSTANCES (II "Yea", document evidence. Daacrtbe location and Identity of haxardoue 

waate. Take PHOTOGRAPHS.)
□ YES NO

II. INCOMPATIBLE SUBSTANCES STORED IN CLOSE PROXIMITY (It "Yea", document evidence. Demctibe location and identity of 
haaardena waate. Taka PHOTOGRAPHS.)

CX: YES o NO See photo 27. HCl and NaOH in close proximity, next to container
labeled "Carcinogenic Waste Collection Bottle". This is an isolated 
instance and involves a small amount of material.

12. AOeOUATE CONTAINER WASHING ANO REUSE PRACTICES

on m HO Dumpsters are used for the same nurnnse.
RS13. AOEOUATE PRACTICES FOR DISPOSAL OF EMPTY STORAGE CONTAINEF

[j] YES C2 HO Drums are held until hazardous landfill is complete.
EPA Form T2070-30 (10.79)



Site 42 - B .wash Pond (#17)

SURFACE IMPOUNDMENTS SITE INSPECTION REPORT
(Supplemental Report)

INSTRUCTION 
Answer and Explain 
as Necessary.

I. TYPE OF IMPOUNDMENT

Backwash pond for drinking water system. See photo 30.
2. STA8ILITY/CONOITION OF EMBANKMENTS

Excellent. Pond consists of concrete basin.
3. EVIDENCE OF SITE INSTABILITY (Erosion, Settling, Sink Holes, etc.) 

Hj yes NO

4. EVIDENCE OF disposal OF IGNITABLE OP -REACTIVE WASTE 
1 Y es OP NO

5 ONLY COMPATIBLE WASTES ARE STORED OR DISPOSED OF IN THE IMPOUNDMENT 
OO ves Cl NO

6. RECORDS checked FOR CONTENTS AND LOCATION OF EACH SURFACE IMPOUNDMENT 
ni YES □ NO

7. IMPOUNDMENT HAS LINER SYSTEM
Q yes n no Concrete basin

7a. INTEGRITY OF LINER SYSTEM CHECKED
r~i yes c2i no

7b. PINOINGS
N/A

8. SOIL STRUCTURE AND SUBSTRUCTURE

Clay soil with sandy clay substrate
9. MONITORING WELLS 

O yes C5f1 no
to. LENGTH, WIDTH. AND DEPTH

LENOTH 75 WIDTH 50 ft. 7 ft,
11. CALCULATED VOLUMETRIC CAPACITY

32.000 cubic feet ____
12. PERCENT OF CAPACITY REMAINING

55%
13. ESTIMATE FREEBOARD

^ 1/2 to 4 feet
14. SOLIDS DEPOSITION 

OCl YES □ NO

15. DREDGING DISPOSAL METHOD

Sludge is pumped to drying beds at sewage treatment plant.
16. OTHER EQUIPMENT

Overflows goes to central waste treatment area,

EPA Form T2070-3C (10-79)



Site 7b - c /isite Disposal Site (#19)

SURFACE IMPOUNDMENTS SITE INSPECTION REPORT
(Supplemental Report)

INSTRUCTION 
Answer and Explain 
as Necessary.

I. TYPE OF IMPOUNDMENT

Earthen. See photo's 32 & 33
2 STABILITY/CONOITION OF EMBANKMENTS

Badly eroded, dams have broken
3. fViOENCE OF SITE INSTABILITY (Eromion, Sattling, Sink Holes, stc.j

X:j ves cj NO Dams have broken and water has drained.
4. EVIDENCE OF DISPOSAL OF IGNITABLE OR REACTIVE WASTE 

r;' Y63 Gd NO

S ONLY COMPATIBLE WASTES ARE STORED OR DISPOSED OF IN THE IMPOUNDMENT 
XJ 1 yes C' no

6. RECORDS CHECKED FOR CONTENTS AND LOCATION OF EACH SURFACE IMPOUNDMENT 
5(71 YES O NO

7. IMPOUNDMENT HAS LINER SYSTEM 
d yes [jn NO

7a. integrity OF LINER SYSTEM CHECKED 
lid YES O NO

7b. FINDINGS
No 1iner

8. SOIL STRUCTURE AND SUBSTRUCTURE

Clay soil with silty clay substrate
9. MONITORING WELLS

q(i YES c~i NO i^ells are in the area but none are site specific,
10. LENGTH, WIDTH, AND DEPTH

LENGTH 700 ft. T20 ft. 5 ft,
1 I. CALCULATED VOLUMETRIC CAPACITY

420.000 cubic feet_________
12. PERCENT OF CAPACITY REMAINING

None
13. ESTIMATE FREEBOARD

N/A
14. SOLIDS DEPOSITION

LI tes un NO
IS DREDGING DISPOSAL METHOD

None
16. OTHER EQUIPMENT

N/A

EPA Form T2070-3C (10-79)



Site 10 - De Burning and Demolition Area (#21)

STORAGE FACILITIES SITE INSPECTION REPORT
(SuF.'’/t'mi'f7M/ Ri'porf)

INSTRUCTION 
Answer and Explain 
as Necessary.

I. STORAGE AREA HAS CONTINUOUS IMPERVIOUS BASE 
1 Y E3 rXl NO

2. STORAGE AREA HAS A CONFINEMENT STRUCTURE 
[~1 YES lX

3. EVIDENCE OF UEAKAGE/OVERFLOW (It "yea", Uocumem u/ieri' and hon mm h rnnotf m o\ ortlon inn or Ivakinn tram i. antutnmenl) 
dn TES QJ NO

4. ESTIMATE TYPE AND NUMBER OF B ARRELS/CON T Al N ERS

300-400 5 gallon cans
5. GLASS OR PLASTIC STORAGE CONTAINERS USED 

I I YES NO

6. ESTIMATE NUMBER AND CAPACITY OF STORAGE TANKS

None

7 NOTE LABELING ON CONTAINERS
De-con agents

B. EVIDENCE OF LEAKAGE CORROSION OR BULGING OF BARRELS/CONTAINERS/STORAGE TANKS (U"Vem‘\ document sirtijenes. Describe 
location and extent al dameaa. Take PHOTOGRAPHS)
I I YES C2l NO

9. DIRECT VENTING OF STORAGE TANKS 
□ YES O NO N/A

10. CONTAINERS HOLDING INCOMPATIBLE SUBSTANCES (It 
wamte. Taka PHOTOGRAPHS.)

I I yes [j^ NO

•y#a", document avidanca. Oaacriba location and Identity of haxardoae

It. INCOMPATIBLE SUBSTANCES STORED IN CLOSE PROXIMITY (It 
haaardoua waata. Taka PHOTOGRAPHS.)
□ yes [2] NO

•yaa", document aridenca. Daaeriba location and Identity ol

12. ADEQUATE CONTAINER WASHING AND REUSE PRACTICES 
I I YES [J] NO

13. ADEQUATE PRACTICES FOR DISPOSAL OF EMPTY STORAGE CONTAINERS 
I I YES qp NO

ERA Form T2070.JO (10-79)



Site 20d - Depot South Burn Pit and Storage Area (#23)

STORAGE FACILITIES SITE INSPECTION REPORT
iSup’'h'rnvnUil Report)

INSTRUCTION

Answer and Explain 
as Necessary.

1 STORAGE AREA HAS CONTINUOUS IMPERVIOUS BASE
'T ] NO

2s STORAGE AREA HAS A CONFINEMENT STRUCTURE 
yes c^ino

[jl YES □ NO There is evidence of past spills throughout the site. See photo 41

4. ESTIMATE TYPE AND NUMBER OF BARR ELS/CON T Al N ERS

400-500 55-qallon drums. See photo's 40-42
5. GLASS OR PLASTIC STORAGE CONTAINERS USED 
□ YES n? NO

6. ESTIMATE NUMBER AND CAPACITY OF STORAGE TANKS
None

7. NOTE labeling ON CONTAINERS
De-con agents, pesticides, etc.

B. EVIDENCE OF LEAKAGE CORROSION OR BULGING OF BARRELS/CONTAINERS/STORAGE TANKS fir'Yam". document evidence. Describe 
locMtion end extent of damate. Taka PHOTOGRAPHS)
I I VES Jtl NO

9. DIRECT VENTING OF STORAGE TANKS 
□ YES O NO N/A

10. CONTAINERS HOLDING INCOMPATIBLE SUBSTANCES (II 
vraate. Take PHOTOGRAPHS.)

I I yes CJ no

’Yes", document evidence. Describe location and identity of hasardous

II. INCOMPATIBLE SUBSTANCES STORED IN CLOSE PROXIMITY (II 
baaardoaa waste. Take PHOTOGRAPHS.)
□ yes Q5 no

document evidence* Deecribe loeetion end identity oi

12. ADEQUATE CONTAINER WASHING AND REUSE PRACTICES 
□ YES C31 NO

13. ADEQUATE PRACTICES FOR DISPOSAL OF EMPTY STORAGE CONTAINERS 
I I YES C3 NO

ERA Form T2070-3D (10.79)



jite 38 - Impregnite Sludge Lag^ i (#24)

SURFACE IMPOUNDMENTS SITE INSPECTION REPORT
(Supplemental Report)

INSTRUCTION 
Answer and Explain 
as Necessary.

1. TYPE OF IMPOUNDMENT

Impregnite sludge lagoon. See photo's 43 » 44
2. STABILITY/CONOITION OF EMBANKMENTS

Good

3. EVIDENCE OF SITE INSTABILITY fEroaion, Se(f/m<, Sink Holes, etc.) 
ZJ yes rXl NO

4. EVIDENCE OF DISPOSAL OF IGNITABLE On REACTIVE WASTE
z'l YES cr

S ONLY COMPATIBLE WASTES ARE STORED OR DISPOSED OF IN THE IMPOUNDMENT
LX yes n NO

6 RECORDS CHECKED FOR CONTENTS AND LOCATION OF EACH SURFACE IMPOUNDMENT 
H(yes □ no

7. IMPOUNDMENT HAS LINER SYSTEM 
LI yes lXi no

7a. INTEGRITY OF LINER SYSTEM CHECKED 
□ YES □ NO N/A

7b. PINOINCS
N/A

9. SOIL STRUCTURE AND SUBSTRUCTURE

Clay soil with sandy clay substrate

9. MONiTOAlNG WELLS
CXyes cn no Not specifically related to sludge lagoon.

10. LENGTH. WIDTH. AND DEPTH
LENGTH 30 ft. WIDTH 30 ft. 15 ft. at max depth

1 1. CALCULATED VOLUMETRIC CAPACITY
Approximately 6,500 cubic feet

12. PERCENT OF CAPACITY REMAINING

Less then 5%
13. ESTIMATE FREEBOARD

18 inches. Liquid in pit at time of inspection was all rainwater,
14. SOLIDS DEPOSITION 

LX YES O NO

IS. DREDGING DISPOSAL METHOD pit hds never been dredged. In future sludge from the impregnite 
operation which in past was disposed of here will instead be taken to incinerator.

18. OTHER EQUIPMENT

Operation has not been in use for 3-4 years.

Any overflow (resulting from rainfall) is directed to the central waste treatment 
system (see photo 43).

EPA Po«.T2070-3C (10-79)



Site 7a - Toxic Storage Yard f#25i

STORAGE FACILI TIES SITE INSPECTION REPORT
(SuF^lt'rnvnMl Report)

INSTRUCTION 
Answer and Explain 
as Necessary.

1 STORAGE AREA HAS CONTINUOUS IMPERVIOUS BASE 
1 yes rX

2. STORAGE AREA HAS A CONFINEMENT STRUCTURE 
Cn tes [;;j^ no

3. EVIDENCE OF L EAK AGE/OVERFLOW (It "Kes**, documant u/lere and hui\ mm li rimott f* oi erf/ou inc or ItwiXiria /ram . onrummenr) 
Qfl TES □ NO

The soil is stained in widely dispersed areas due to the numerous spills which 
have occurred at this site because of container corrosion.

4. ESTIMATE TYPE AND NUMBER OF 0ARRELS/CON T Al N ERS

17.500 55-Qallon drums. Spe phntn 4R
s. GLASS OR PLASTIC STORAGE CONTAINERS USED 
O YES rXl NO

6. ESTIMATE NUMBER AND CAPACITY OF STORAGE TANKS
None

7. NOTE LABELING ON CONTAINERS

De-con agents, DDT

8. EVIDENCE OF LEAKAGE CORROSION OR BULGING OF BARRSLS/CON TAIN ERS/STORAGE TANKSTr/“yo*", document avrdenca. Daacrita 
locarton and exfnt ol dxmmg^. Takm PH07*OCi?APH5)
Q1 YES □ NO

Deteriorating drums are visible along the northern protion of the site - limited 
clean-up activities are now in progress and the corroding drums are being re
containerized.

9. DIRECT VENTING OF STORAGE TANKS
□ YES □ NO No tanks

10. CONTAINERS HOLDING INCOMPATIBLE SUBSTANCES 
wmtu. Takm PHOTOORAPHS.)
□ YES tX] NO

“Ytm", docummnt cvidanca. Ocacrib* location and id»ntlly ol hacardous

11. INCOMPATIBLE SUBSTANCES STORED IN CLOSE PROXIMITY (II "Yta", doewnml •vidmnem, Daaeriba location and identity ol 
hmmdoue wmmf. Take PHOTOGRAPHS.)

I I yes CJJ NO

12. ADEQUATE CONTAINER WASHING AND REUSE PRACTICES 
I I YES NO

13. ADEQUATE PRACTICES FOR DISPOSAL OF EMPTY STORAGE CONTAINERS 
rjf] YES □ NO

EPA Form T2070-30 (10-79)



Site 7d - Jy. ic Storage Yard Borrow Pits (#26)

SURFACE IMPOUNDMENTS SITE INSPECTION REPORT
(Supplemental Report)

INSTRUCTION 
Answer and Explain 
as Necessary.

1. type of impoundment

Earthen, See photo's 49 & 50
2. STA0IUTY/CONOITION OF EMBANKMENTS

Excel 1ent

3. evidence OF SITE instability (Erosion, Sottling, Sink Holes, sic.) 
IIJ yes no

4. evidence of DISPOSAL OF IGNITABLE On REACTIVE WASTE
ni YES [71 NO No wastes

S ONLY compatible WASTES ARE STORED OR DISPOSED OF IN THE IMPOUNDMENT
LI yes Cl NO No wastes

6. RECORDS CHECKED FOR CONTENTS AND LOCATION OF EACH SURFACE IMPOUNDMENT 
n? yes □ NO

7. IMPOUNDMENT HAS LINER SYSTEM 
Cl YES on NO

7a. integrity of LINER SYSTEM CHECKED 
C^YES □ NO

7b. FINDINGS
No liner

8. soil STRUCTURE AND SUBSTRUCTURE

Clay soil with sandy clay substrate
9. MONITORING WELLS 

Cl yes CKno

to. LENGTH. WIDTH, AND DEPTH 
LENSTM 800 ft.* WIDTH 100 ft.* depth 12 ft.*

11. CALCULATED VOLUMETRIC CAPACITY
960,000 gal 1ons*

12. PERCENT OF CAPACITY REMAINING

16%
13. ESTIMATE FREEBOARD

2 feet*
14. solids deposition

LI yes [jp NO
IS. dredging disposal METHOD

None
16. OTHER EQUIPMENT

N/A

*Combined dimensions of two pits

EPA Perm T2070-3C (10-79)



Site 11a - Sediment Retention Basin #1 URB-1) (#27)

SURFACE IMPOUNDMENTS SITE INSPECTION REPORT
(Supplemental Report)

INSTRUCTION 
Answer and Explain 
as Necessary.

I. TYPE OF impoundment

Earthen. See photo's 51 & 52
2. stability'conoition of embankments

Excel 1ent

3. FV'OENCe OF SITE INSTABILITY (Eroaion, Stttimi, Sink Hotel, .(c;
ZJ yes mo

«. EVIDENCE OF disposal OF IGNITABLE OP REACTIVE WASTE 
r^'l YES ^ NO

S ONLY COMPATIBLE WASTES ARE STORED OR DISPOSED OF IN THE IMPOUNDMENT 
YES Cl NO

6. RECORDS CHECKED FOR CONTENTS AND LOCATION OF EACH SURFACE IMPOUNDMENT 
YES □ NO

7. IMPOUNDMENT HAS LINER SYSTEM
Cl yes [Xi no

7a. INTEGRITY OF LINER SYSTEM CHECKED 
m YES □ NO

7b. PINOINCS
No liner

8. SOIL STRUCTURE AND SUBSTRUCTURE

Clay soil with sandy clay substrate

9. MONITORING WELLS

0(1 YES Cl NO Wells are in the area; however, none are site specific.
to. LENGTH. WIDTH, AND DEPTH

LENGTH 332 ft. 46 ft, DEPTH 6 ft.
n. CALCULATED VOLUMETRIC CAPACITY

88,000 cubic feet
12. PERCENT OF CAPACITY REMAINING

16%
13. ESTIMATE FREEBOARD

1 foot
M. SOLIDS DEPOSITION 

(JO YES O NO

IS. DREDGING DISPOSAL METHOD

Backhoe, front-end loader
16. OTHER EQUIPMENT

None

ERA POff. T2070-3C (10-79)



Site llb-Sedimer '^entention Basin #2 (SRB-2) (#28)

SURFACE IMPOUNDMENTS SITE INSPECTION REPORT
(Supplemental Report)

INSTRUCTION 
Answer and Explain 
as Necessary,

t. TYPE OF impoundment

Earthen, See photo's 53 & 54
2. STA8ILITY/CON01TION OF EMBANKMENTS

Excellent

3. FVIOENCE OF SITE INSTABILITY (Erosion, Sollting, Sin* Holes, eic.j 
yes di) NO

A. EVIDENCE OF DISPOSAL OF IGNITABLE OR ACTIVE WASTE
rr' yes rx* 1^0

S ONLY COMPATIBLE WASTES ARE STORED OR DISPOSED OF IN THE IMPOUNDMENT 
d) YES Cl NO

6. RECORDS CHECKED FOR CONTENTS AND LOCATION OF EACH SURFACE IMPOUNDMENT 
rXl yes □ NO

7. IMPOUNDMENT HAS LINER SYSTEM 
Cl NO

7a. integrity of LINER SYSTEM CHECKED 
r^i yes □ NO

7b. findings

No liner
8. SOIL STRUCTURE AND SUBSTRUCTURE

Clay soil with sandy clay substrate
9. MONITORING WELLS

Cjn YES c"! NO Wells are in the area: however, none are site specific

10. LENGTH. WIDTH. AND DEPTH 
LENGTH ]38 ft. WIDTH 190 ft. 6 ft.

1 I. CALCULATED VOLUMETRIC CAPACITY
178,000 cubic feet

12. PERCENT OF CAPACITY REMAINING 
16%

13. ESTIMATE FREEBOARD

1 foot
14. SOLIDS DEPOSITION 

LXl □ NO
IS. DREDGING DISPOSAL METHOD

Backhoe, front-end loader
16. OTHER EQUIPMENT

None

gPA Form T2070<3C (10>79)



Site 11c - S ment Retention Basin #3 (SRB-3' (#29)

SURFACE IMPOUNDMENTS SITE INSPECTION REPORT
(Supplemental Report)

INSTRUCTION 
Answer and Explain 
as Necessary.

1, TYPE OF impoundment

Earthen. See photo's 55 & 56
2. STA0ILITY/CONOIT1ON OF EMBANKMENTS

Excel 1ent

J. FVIOENCE OF SITE INSTABILITY fEroaion, S.lllmg, Sink Hoi.., .ic> 
Yes NO

4. EVIDENCE OF DISPOSAL OF IGNITABLE OH 9EACTIVE WASTE 
rj' ves [3^ NO

5. ONLY COMPATIBLE WASTES ARE STORED OR DISPOSED OF IN THE IMPOUNDMENT 
□Q ves NO

6. records checked FOR CONTENTS AND LOCATION OF EACH SURFACE IMPOUNDMENT
YES □ NO

7. IMPOUNDMENT HAS LINER SYSTEM 
Cl YES 0(1 NO

7o. INTEGRITY OF LINER SYSTEM CHECKED 
m YES □ NO

7b. FINDINGS

No 1iner
8. SOIL structure AND SUBSTRUCTURE

Clay soil with sandy clay substrate
S. MONITORING WELLS

yes cn NO ^ells are in the area; however, none are site specific.
10. length, width, and depth 

LENGTH 292 ft. 104 ft. DEPTH 6 ft.
1 1. CALCULATED VOLUMETRIC CAPACITY

IfiP.flQQ rubic feet
12. PERCENT OF CAPACITY REMAINING 

16%
13. ESTIMATE FREEBOARD

1 foot
14. SOLIDS DEPOSITION

yes Cl NO
IS. DREDGING DISPOSAL METHOD

Backhoe. front-end loader
16. OTHER EQUIPMENT

None

EPA Perm T2070<3C (10-79)



Site nd, DDi otorage in Basement, Bldg. 54-2/^ (#30)

STORAGE FACILI TIES SITE INSPECTION REPORT
(Sup^'lt.'incnuil Report)

INSTRUCTION 
Answer and Explain 
as Necessary.

I STORAGE AREA HAS CONTINUOUS IMPERVIOUS BASE 
YES NO

2 STORAGE AREA HAS A CONFINEMENT STRUCTURE 
YES □ NO

3. EVIDENCE OF L EAK AGE/OVER FLOW (II “Yea", document ii here anti /loii mut. It riiriu// la ui frl/uuiiic nr Ifnkittii tr»m i .imuiiimenO 
I I YES I NO

4. estimate TYPE AND NUMBER OF BARRELS/CO N T Al N ERS

1 container (basement), concrete
5. GLASS OR PLASTIC STORAGE CONTAINERS USED 

I I YES NO

6. ESTIMATE NUMBER AND CAPACITY OF STORAGE TANKS

No tanks

7. NOTE LABELING ON CONTAINERS
N/A

8. EVIDENCE OF LEAKAGE CORROSION OR BULGING OF BARR ELS/CON TAIN ERS/STORAGE TaNkS flfYtt", docuaiant evidence. Describe 
location and extant ol damaga. Take PHOTOGRAPHS)
I I YES C3 NO

9. DIRECT VENTING OF STORAGE TANKS 
□ YES □ NO N/A

10. CONTAINERS HOLDING INCOMPATIBLE SUBSTANCES (II “Yaa", document evidence. Daacrtba location end identity ol hezatdoue 
waete. Take PHOTOGRAPHS.;

I I YES CX NO

11. INCOMPATIBLE SUBSTANCES STORED IN CLOSE PROXIMITY (It "Yee‘\ document evidence. Deacnbe location and identity ol 
baxardeue waete. Take PHOTOGRAPHS.)

I I YES C8 NO

12. ADEQUATE CONTAINER WASHING AND REUSE PRACTICES 
□ YES □ NO ______________

13. ADEQUATE PRACTICES FOR DISPOSAL OF EMPTY STORAGE CONTAINERS 
□ YES n NO n/a

EPA Form T2070-3D (10-79)



Site lie - b^r Basement Storage, Bldg. 54 - (#31)

STORAGE FACILITIES SITE INSPECTION REPORT
(Suf’/t'mi-nM/ Report)

INSTRUCTION 
Answer snd Explain 
as Necessary.

I. STORAGE AREA HAS CONTINUOUS IMPERVIOUS BASE 
YES ryi NO

2. STORAGE AREA HAS A CONFINEMENT STRUCTURE 
[TX TE3 □ NO

3. EVIDENCE OF L EAK AGE/O VER F UO W (II "Ke#'', documerif u/»**ro <inj how nun h ninoU o\t'rtlo\Mnn or U'oktnti from i. ontutnment) 
O TES IXI NO

4. ESTIMATE TYPE AND NUMBER OF BARRELS/CON T Al N ERS

1 concrete container (basement)
5. GLASS OR PLASTIC STORAGE CONTAINERS USED 

O YES NO

6. ESTIMATE NUMBER AND CAPACITY OF STORAGE TANKS

No tanks

7. NOTE labeling ON CONTAINERS
N/A

8. EVIDENCE OF LEAKAGE CORROSION OR BULGING OF BARRELS/CONTAINERS/STORAGE TANKS nVYem", document evidence. Describe 
location and extent ot damage. Take PHOTOGRAPHS)
o YES C] NO

9. DIRECT VENTING OF STORAGE TANKS 
□ YES □ NO N/A

10. CONTAINERS HOLDING INCOMPATIBLE SUBSTANCES (It "Yea", document evidence, Daeeribe location and Identity el haxardoua 
waete. Take PHOTOGRAPHS.)

I I YES Of] NO

11. incompatible substances STORED IN CLOSE PROXIMITY (It "Yea", document evidanea, Deacrtbe location and Identity ol 
haxardma waate. Take PHOTOGRAPHS.)

I I YES (JP NO

12. ADEQUATE CONTAINER WASHING AND REUSE PRACTICES 
I I YES □ NO N/A

13. ADEQUATE PRACTICES FOR DISPOSAL OF EMPTY STORAGE CONTAINERS
□ yes O no N/A

EPA Form T2070.3D (10.79)



Site llf-DDT .te Stockfile/Landfill (#32)

LANDFILLS SITE INSPECTION REPORT
(Supplemental Report)

EVIDENCE OF SITE INSTABILITY fEro4iion, S0ttt)ng, Sink ate)
I I YES [X~l NO

INSTRUCTION 
Answer and Explain 
as Necessary.

Z. EVIDENCE OF IMPROPER DISPOSAL OF BULK LIQUIDS, SEMI-SOLIDS AND SLUDGES INTO THE LANDFILL 
! I YES NO

3. CHECK RECORDS OF CELL LOCATION AND CONTENTS AND BENCHMARK 
YES O NO

4. WASTES SURROUNDED BY SORBENT MATERIAL 
on YES Cl NO

S. DIVERSION STRUCTURES ARE EFFECTIVELY CONSTRUCTED AND PROPERLY MAINTAINED
Cl YES fxi NO No diversion structures

6. EVIDENCE OF PONDING OF WATER ON SITE 
O yes NO

7. EVIDENCE OF IMPHOPER/INAOEOUATE DRAINING 
Cl Y ES NO '

a. ADEQUATE LEACHATE COLLECTION SYSTEM (II ••V". apecifr Type;
Cl yes cn no

Sa. SURFACE LEACHATE SPRING 
□ yes r:55 no

9. RECORDS OF LEACHATE ANALYSIS 
Cl yes no

to. GAS MONITORING 
Cl yes no

1 I. GROUNDWATER MONITORING WELLS
(1)5 YES (Cl NO Wells are in the area; however, none are site specific

12. ARTIFICIAL MEMBRANE LINER INSTALLED 
(Cl yes c)| no

13. SPECIFIC CONTAINMENT MEASURES (Ctmy Bottom, SIdoo.ote) 
O yes ()(n NO

14. FIXATION (StabillMotion) OF WASTE 
(Cl yes (Cl no

15. ADEQUATE CLOSURE OF INACTIVE PORTION OF FACILITY 
(^ YES (C NO

16. COVERCType;
Clay

16a. THICKNESS2 feet

16b. PERMEABILITY

Low

16e. DAILY APPLICATION 
I I YES (H NO



Site 15-Sanitary Landfill (#34)

LANDFILLS SITE INSPECTION REPORT
(Supplemental Report)

INSTRUCTION 
Answer and Explain 
as Necessary.

□ YES m NO

2. EVIDENCE OF IMPROPER DISPOSAL OF BULK LIQUIDS. SEMI-SOLIDS AND SLUDGES INTO THE LANDFILL ----
□ YES (XI NO

3. CHECK RECORDS OF CELL LOCATION AND CONTENTS AND BENCHMARK 
dtl yes □ NO

4. WASTES SURROUNDED BY SORBENT MATERIAL
(XI Cl NO

5. DIVERSION STRUCTURES ARE EFFECTIVELY CONSTRUCTED AND PROPERLY MAINTAINED 
(Xl yes in no

S. EVIDENCE OF PONDING OF WATER ON SITE
1X1 YES ryi NO

7. EVIDENCE OF IMPROPER/INADEQUATE DRAINING
Cl teS CJ] non

8. ADEQUATE LEACHATE COLLECTION SYSTEM (U $p»eily TrP»)
(Cl yes (3[1 no

8«. SURFACE LEACHATE SPRING
(Cl tes irJfl no

9. RECORDS OF LEACHATE ANALYSIS
Cl yes cXl no

10. GAS MONITORING
C yes (l)tl NO

n. groundwater monitoring wells
CjQ YES c NO Wells are in the area, however, none are site specific.

12. ARTIFICIAL MEMBRANE LINER INSTALLED
c yes dJi) no

13. SPECIFIC CONTAINMENT MEASURES fCIay Bottom, SIdoo.ote)
1 1 YES NO

14. FIXATION (Stobillftton) OF WASTE 
□ YES (XI NO

IS. ADEQUATE CLOSURE OF INACTIVE PORTION OF FACILITY 
□D yes C no

18. COVERCTypeJ
Clay

I6a. THICKNESS
2 feet

16b. permeability

Low

16c. DAILY APPLICATION
1 1 YES NO

ERA Foim. T2070-3E (10-79)



Site 27 - nt BZ Pond (#35)

SURFACE IMPOUNDMENTS SITE INSPECTION REPORT
(Supplemental Report)

INSTRUCTION 
Answer and Explain 
as Necessary.

1. TYPE OF IMPOUNDMENT

Agent BZ retention pond. See photo 62
2. STA8ILITY/CONOITION OF EMBANKMENTS

Stable
3. EVIDENCE OF SITE INSTABILITY (Eroaion. Selt/ing, Sink Holes, etc.)

Z!J yes r~XNO

«. EVIDENCE OF DISPOSAL OF IGNITA8LE OH REACTIVE WASTE

OP yes rp no Thermite was disposed here
S ONLY COMPATIBLE WASTES ARE STORED OR DISPOSED OF IN THE IMPOUNDMENT

K;i yes Cl NO
6. RECORDS checked FOR CONTENTS AND LOCATION OF EACH SURFACE IMPOUNDMENT 

cn YES □ NO
7. IMPOUNDMENT HAS LINER SYSTEM

cn yes qf] NO
7a. INTEGRITY OF LINER SYSTEM CHECKED

m yes □ NO

7b. PINOIN<;S

No 1iner
8. SOIL STRUCTURE AND SUBSTRUCTURE

Pleistocene terrace deposits; sandy substrate,
9. MONITORING WELLS 

YES cn NO 90' ENE of pond
10. LENGTH. WIDTH, AND DEPTH

LENGTH 150 ft. «'°TH 50 ft. DEPTH 12 to 15'

1 1. CALCULATED VOLUMETRIC CAPACITY

120.000 to 140.000 cubic feet
12. PERCENT OF CAPACITY REMAINING

I pt;<; than
13. ESTIMATE FREEBOARD

24 to 36 inches
14. SOLIDS DEPOSITION 

YES O NO

IS. DREDGING DISPOSAL METHOD

Dredged material spread on banks & ground east of pond, also at site 24 (Thermite waste
IS. OTHER EQUIPMENT ~ ~ Site)

EPA Fenii T2070<3C (10-79)



23 - White Smoke Test Pond (#36)

SURFACE IMPOUNDMENTS SITE INSPECTION REPORT
(Supplemental Report)

INSTRUCTION 
Answer and Explain 
as Necessary.

I. TYPE OF IMPOUNDMENT

White smoke test pond (earthen)
2. STA8ILITY/CON01T10N OF EMBANKMENTS There are no dikes around pond. The natural contours of 

the land result in a shallow slope to the waste edge. The pond drains to the southeast
3. EVIOENCE OF SITE INSTABILITY fEro.ion, Sattlint, Sink Holes, etc.) 

ZJ yes rXi NO

4. EVIOENCE OF disposal OF IGNITABLE On REACTIVE WASTE
reives rn NO Pond was used to test smoke pots and smoke grenades,

5. ONLY COMPATIBLE WASTES ARE STORED OR DISPOSED OF IN THE IMPOUNDMENT 
[X 1 yes d NO

6. RECORDS CHECKED FOR CONTENTS AND LOCATION OF EACH SURFACE IMPOUNDMENT

nn yes □ NO
7. IMPOUNDMENT HAS LINER SYSTEM

Cl yes C^ no
7a. INTEGRITY OF LINER SY^T.^M CHECKED

I I yes C3 NO
7b. PINOINfaS
N/A

a. SOIL STRUCTURE ANO SUBSTRUCTURE

Pleistocene terrace deposits, sandy clay substrate.

9. MONITORING WELLS
C2tl yes Cl no Not specifically related to pond

10. LENGTH, WIDTH. AND DEPTH
LENGTH 400 ft. WIDTH 300 ft. 5 ft.

1 1. CALCULATED VOLUMETRIC CAPACITY
14 acre feet

12. PERCENT OF CAPACITY REMAINING

Pond was draining during inspection, therefore it is at capacity,
13. ESTIMATE FREEBOARD

The freeboard varies considerably around pond.
14. SOLIDS DEPOSITION DO considfeffid ,

Lj(i yes Cl no Bottom is littered with smoke grenades and smoke pots,

As it is draining to SE, freeboard may

IS. dredging DISPOSAL METHOD

None
16. OTHER EQUIPMENT

None

EPA Focm T2070-3C (10-79)
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Photo Legend

Photos Site Photos Site
1,2 16a
3,4 18a
5 18b
6,7,8 20b
9,10,11 24
12,13,14 26
15 29a
16,17 31a
18 31b
19 34
20,21 35
22 36
23 37
24 39
25,26,27,28,29 40
30 42
31 43
32,33 7b
34,35 7c
36,37,38,39 10
40,41 ,42 20a
43,44 38
45,46,47,48 7a
49,50 7d
51,52 11a
53,54 11b
55,56 11c
57 lid
58 lie
59 Ilf
60 12

61
62,63
64,65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

27
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Sample 
Sample 
Sample 
Sample 
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Sample 
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Location
Location
Location
Location
Location
Location

01
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06 
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Location 08
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Location 
Location 
Location 11 
Location 12 
Location 14 
Location 13



ATTACHMENT A

POTENTIAL HAZARDOUS WASTE SITE 
SITE INSPECTION REPORT SUPPLEMENT SHEET

Instruction - This sheet is provided to give additional information in 
explanation of a question on the form T2070-3.

Corresponding 
number on form

IVA.3.

:;c ■■ '

t . *

o'L //>'•'■’•■

u- jip-fo

• tv. t ‘ ■ Z.tCO
; <C.>

■A, , -iCd

■ ■

■ ■ '-r

■ -.r J

, . . J :-JC.

a.-ViC

..’U- ' ■ .p-lAW

Additional Remark and/or Explanation

Samples Collected on 18, 19 June 1981.

Samples were collected along possible run-off pathways 
within the arsenal and from several streams/swamps 
situated near the arsenal boundary. They are listed 
below:

■ ^
Aqueous Samples

Location 01 - Phillip's Creek confluence with
Arkansas River (photo 66) f ' 1 ^ '

Location 02 - Yellow Lake discharge at arsenal boundary r nn f
(photo 67) \ \ : C

Location 03 - Site 20a; 800 ft. east of entrance road
(photo 68)

Location 04 - Production Creek, 1470 ft. southwest of
arsenal boundary (photo 69)

' y Location 05

Pf-’') Location 06 

Location 07

Soil/Sediroent Samples

Site 23a; 270 ft. 71° from south end of 
pond (photo 70)

Site 31a; 133 ft. 255° from "goat shed" 
(photo 71)

Site 24; 412 ft. 196° from entrance ' *
(photo 72)

.-'^Location 08 - Site 17; 20 ft. from Yellow Lake, 33°

/
from bldg. 544-220 (photo 73) ^ '

Location 09 - Site 40; 50 ft. 275 ° from bldg. 42-823 , ,
(photo 74)

* Location 10 Site 20b; 35 ft. 100° from east end 
(photo 75)

\



ATTACHMENT A

POTENTIAL HAZARDOUS WASTE SITE 
SITE INSPECTION REPORT SUPPLEMENT SHEET

Instruction - This sheet is provided to give additional information in 
explanation of a question on the form T2070-3.

Corresponding 
number on form

, <0, > FI' ■'
(Con't. of' •'

, IV.A.) ! -Si,!;!-

-)•
i c -< /fl-L Lit y. /S.fipn,

VIII.u.

Additional Remark arud/or Explanation
Soil/Sediment Samples

^'Location 11 - Site 10; Trench #3, 160 ft. toward

Phillip's Creek (photo 76)

,Location 12 - Sitie 10; Trench #4, 290 ft. toward
Phillip's Creek (photo 77)

Location 13 - Site 7c; 20 ft. west of site along stream
(photo 79)

J
Location 14 - Site 7b; 30 ft. west of dam on east edge

(photo 78)

ProDosed Sampling Plan

(See I.i. and Supplemental Reports)

Soil Samples; Site 7a (Toxic Storage Yard)

Aqueous 
Samples:

Sample from severaj. erosional gullies 
along southern boundary to determine 
off facility contamination (organics/ 
inorganics).

Site 12 (Abandoned Mustard Burn Pits)
Several samples from downslope areas 
to determine extent of surficial 
contamination (inorganics).

Site 7d (TSY Borrow Pits)
North, south pits - analyzed for 
organics and inorganics.

Sites 11a, 11b, 11c, lid, lie, Ilf, (DDT 
Areas)
Samples collected from WES wells No. 
43, 44, 45, 46, 53, 62 and 67- 
analyzed for pesticides.

Site 15 (Sanitary Landfill)
Samples collected from WES wells No. 
15 and 16 - analyzed for organics 
and inorganics.



»^TTAr;;y,ENT A

POTENTIAL HAZAPDOUS WASTE SITE 
SITE INSPECTION REPORT SUPPLEMENT SHEET

Instruction - This sheet is provided to give additional inforration in 
explanation of a question on the form T2070-3.

Corresponding 
number on form

(Con't. of 
VIII.U.)

Additional Remark and/or Explanation

Aqueous 
Samples: Site 23 (White Smoke Test Pond) 

Sample collected from pond 
analyzed for inorganics/pH

Combination Aqueous/
Sediment; Site 27 (Agent BZ Pond)

Upstream/downstream water/sediment 
samples from small stream north of 
site - analyzed for inorganics.

Proposed Monitoring Well Installation

The FIT recommends that monitoring wells (1 upgradient, 
downgradient) be installed at the following sites to 
determine whether or not groundwater contamination has 
occurred:

Site 7b, Lewisite Disposal Site
Site 7c, Mustard Burn Yard
Site 10, Depot Burning and Demo 1it ion Area
Site 17, Product Assurance 

Dumpsite
Test Range and

Site 20a , Depot South Burn Pit and Storage
Area

Site 23, White Smoke Test Pond
Site 38, Impregnite Sludge Lagoon
Site 12, Abandoned Mustard Burn Pits
Site 27, Agent BZ Pond
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HYDROGEOLOGICAL SURVEY OF PINE BLUFF ARSENAL

by

Jerald D. Broughton

U. S. Army Engineer V.'aterways Experiment Station 
P. 0. Box 631, Vicksburg, Mississippi 39180



PREFACE
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Project Manager for Chemical Demilitarization and Installation Restoration), 
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(EGRMD), GL, under the supervision of Mr. Jerald D. Broughton, Engineering 
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tests were performed by the Soil Testing Facility, GL. Personnel of 
EGAG accomplished the data coinpij.ation and analysis. Mr. Broughton 

prepared the report.
The study was conducted under the direct supervision of Mr. John H. 

Shamburger, Chief, EGAG, and under the general supervision of Dr. Don C. 
Banks, Chief, EGRMD, and Messrs. James P. Sale and Richard G. Ahlvin,
Chief and Assistant Chief, GL, respectively.

Special acknowledgment is extended to the following individuals 

for their assistance during the stud>—Messrs. Thomas E. Shook and Glen 

Murtha of PBA and Mr. Richard Hervert, formerly of USATHAMA, and numerous 

other personnel from PBA and USATHAMA.
Commanders and Directors of WES during the conduct of the study 

were COL John L. Cannon, CE, and COL Nelson P. Conover, CE. The 

Technical Director was Mr. F. R. Brown.
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HYDROGEOLOGICAL SURVEY OF FINE BLUFF ARSENAL

PART I: INTRODUCTION

Background

Pine Bluff Arsenal (PBA) is located in Jefferson County, Arkansas, 
approximately 13 kilometres (km) northwest of the county seat. Pine 

Bluff, (see Figure 1), and approximately 48 km from Little Rock. The 

Arsenal is bounded on the east by the Arkansas River and on the west by 

the Missouri-Pacific Railroad. Industrial developments are to the 

south, and the northern perimeter is adjacent to woodlands and the National 
Center for Toxicological Research (NCTR). The PBA extends some 15 km in 

a northwest-southeast direction and is approximately 4 km wide. These 

6000 hectares (ha) are used for administration, housing, and operations 

(80 ha); security and storage (790 ha); forest products (4430 ha); and 

primitive area preservation (700 ha) (Pinkham, C.F.A., at al, 1975).
The PBA was established in 1941 to manufacture, load, and assemble 

chemical and incendiary munitions. The initial mission involved magnesium 

and thermite types but was expanded to manufacture war gases and to fill 

chemical bombs, incendiary smoke munitions, and other munitions with 

chemicals such as chlorine, mustard, and lewisite. Subsequent operations 

have included the manufacturing, loading, and assembling of incendiary 

bombs, smoke grenades, smoke pots and canisters, white phosphorous, FS 

(sulfur trioxide chlorosulfonic acid solution), BZ (3-Quinuclidinyl 
Benzilate), and biological agents, lull-scale incendiary and chemical 
munitions operations were conducted during 1941-1945 and 1950-1953. The 

biological operations xvere conducted during 1953-1969; biological 
demilitarization was completed in 1972.

Limited operations were conducted at PBA during 1946-1949 and 

1954 to the present. During portions of this time civilian contractors 

leased facilities for the manufacture of chlorine, DDT, malathion.
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parathion and chlorobenzenes (Pinkham, C.F.A., et al, 1975). Surface 

disposal of toxic materials was practiced during the Governmert and 

contractor operations which resulted in DDT, dyes, and incendiaries 

being spread on the surface at disposal sites.

Previous Studies

Groundwater contamination at other U. S. Army installations and 

knowledge of prior activities at PBA resulted in a data collection and 

analyses program to describe and define any contamination migration 

problems at the PBA. The first of these efforts (Lachapelle, David G., 
Brooks, Alan E., and Trescott, Edward B., 1969) was to locate, develop, 
and sample points to identify known locales of contamination or to establish 

baseline data to be used to compare future conditions. Table 1 and 

Table 2 show the multitude of materials used at the PBA and the materials 

and locations selected for monitoring, respectively. Figure 2 shows the 

locations of the mionitoring wells for this study. Nore that wells 1 anJ 2, 
in the vicinity of well 3, were not completed as monitoring wells and are 

not shown on the location map. This study concluded that the groundwater 
from wells 4 and 17 was contaminated because of their higher chemical oxygen 

demand (COD), sulfate, total and filterable residue, and chloride values; 
wells 5, 6, and 16 had phosphorous levels higher than those of the other 

wells; and wells 14, 15, and 17 had higher than average nitrate values.
The study recommended that sampling be continued at these wells to provide 

the information required for diligent pollution control.
A survey conducted during 2-b March 1970 by the U. S. Army 

Environmental Hygiene Agency (USAEHA) addressed surface water contamination 

with domestic, solid, and Industrial waste and found several perennial or 

intermittent streams carrying contaminants from all categories of waste. 
Untreated sewage, grease, white phosphorous, and film processing waste were 

being discharged into surface waters. Sample locations are shovm on 

Figure 2. No reference was made to the potentiality of these contaminants
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entering the groundwater. The groundwater monitoring report (Lachapelle, 
et al, 1969) was quoted as determining that the only significant pollution 

was hy chlorine at wells 4 and 17. The PBA was continuing the groundv/ater 
monitoring program.

The USAEHA conducted a groundwater and surface water monitoring 

program at the PBA in 1972 (USAEHA, 1973). This survey used the sampling 

points established during previous surveys. This survey identified 

contaminants in the groundwater (COD higher than 1968 baseline data) and 

surface water (suspended solids, phosphates, excessive biological oxygen 

demand and elemental phosphorous), but no phosphates were detected in 

the groundwater. Chlorine was found to be migrating from the northern area 

even though the contractor operations had ceased. The survey recommended 

that the surface waters be analyzed for lead, barium, and zinc because 

small quantities of these elements were used and were probably discharged 

on the ground surface. As recommended, PBA selected approximately 

30 locations for detailed analysis of surface runoff, soils, and ground- 

water. Preliminary analysis was completed at several locations.
The Water Quality Geohydrologic Consultation (USAEHA, 1974) 

expressed specific interest in the shallow aquifer in the Quaternary 

terrace deposits. This aquifer was described as occurring at an elevation
of 58-59 m above mean sea level averaging 12 metres (m) thick and having

_2a permeability of 7.78 x 10 centimetres per. second (cm/sec). Recharge
was attributed to influent streams and groundwater movement was to the 

east. Increasing COD levels from the 1968 baseline data were concluded 

to be a significant contributor to pollution and recommendations were 

made for additional groundwater monitoring points, in the southeast portion 

of PBA, and additions and deletions to the suite of tests for potential 
contaminants. The groundwater sample points are shown on Figure 2.

A comprehensive survey (Pinkhara, Carlos F.A., et al, 1975) conducted 

in 1972, addressed the geographic setting and physical characteristics 

of the PBA as background for wildlife descriptions and evaluations of 
soil, surface water and air pollution. This survey concluded that
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surface waters were highly contaminated, surface soils were less 

contaminated, and air pollution was practically none'istent. These 

conclusions were based on the surface water quality monitoring sites 

and the contaminated surface soil sites shown on Figure 2. Groundwater 
was not considered in the environmental survey but the verified presence 

of contaminated areas of surface soil and water indicated a potential for 

the movement of contaminants through the subsurface to the groundwater.
A small portion of the north production area and the old sanitary 

land fill east of McCoy Road were knovm to be contaminated by DDT. 
Containment plans were generated by the PBA in April, 1975, and the 

USAEHA examined this plan and performed on-site inspections and tests 

during 28-31 July 1975. Based on these actions, a detailed containment 
program was recom.mended (USAEHA, 1976). A test boring in the north 

production area encountered a shallow water table and chemical analyses 

of soil samples revealed substantial DDT contamination. Based on these 

results, a monitoring system was recommended for the area which was to 

monitor four depths at six sites, but the system was never implemented. 
Figure 3 presents the lithologic log, DDT concentrations, permeabilities, 
and water table measurements from this report. The old landfill site was 

covered with a low permeability (7.41 x 10 cms) silt cap, and an impinging 

waterway was rerouted. No groundwater monitoring efforts were planned in 

this area, but continued evaluation of downstream surface waters was 

recommended. Surface sample sites are shown on Figure 2.
The U. S. Army Engineer Waterways Experiment Station (WES) performed 

a s^udy to collect and review all data applicable to determine the 

potential of groundwater contamination (Broughton, Jerald D., 1977).

Data generated by the U. S. Army Engineer Districts (Fort Worth, Little 

Rock, and Vicksburg), the PBA, the U. S. Geological Survey, the U. S.
Soil Conservation Service, and the Arkansas Geological Commission were 

analyzed and the study concluded that the potential for groundwater 
contamination was present at PBA and a proposal to conduct a hydrogeological 
study to determine the extent of contamination was submitted to PBA as a 

part of the results of the literature study.

8
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Sample
Depth.Location Lithology

DDT
Concentration Permeability

0
0 Black like fly ash w white -nodules.

0 Stiff, yellow, sandy, silty clay.

5

0

0

Yellow, grey, sandy, silty clay w 
red nodules which may be pieces of 
brick. Easily molded by 'hard.

0

0

Soft, grey clay >ri.th red.
Mottling makes ribbon easily.

10- 0
lY l.'ater revel 'i hrs alter uriiiing

Buff clay or silt layered vri.th 
limonite. Hard in sampler, soft 
on auger.

1^
0

oo Hard, bluff clay with limonite 
layers.

V^'/ater level 1 hr after drilling

20. 0 Med, hard, dark grey, fine sand.

0
Dark grey-green sand with layers 
of peat; crumbly.

2% Med grey sandy clay with thin 
bands of peat.

30 □

0 Jar Sample

□ Tube Sample
V Water Level

353.000 ppm

303.000 ppm 
7,350 ppm

911 ppm 
l,l80 ppm 
8,790 ppm

6o6 ppm

250 ppm 
ND

ND

6.9 X 10-8
cms

12.2 ppm

2.7 X 10,-7
cms

8.1 X 10,-6
cms

Figure 3. DDT Containment Program Boring



Purpose and Scope

The purpose of this study was to support the PBA efforts to 

determine if contaminants had reached the groundwater and if so, were 

they approaching the installation boundary or migrating off post. This 

determination required that the groundwater regime be identified in all 
geologic units to define the hydrogeologic characteristics of the 

aquifer(s).
Hie exploration and sampling were concentrated along PRA's 

boundaries and in proximity to known contaminated sources and included 

subsurface exploration, monitoring well installation, and physical tests 

on the soil samples.
The chemical evaluation of soil and water samples was conducted 

by the PBA and these results are not presented In this report.
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PART II: PHYSICAL SETTING AND CLIMATE

Landforms

PBA is situated on three landforms (1) floodplain of the Arkansas 

River, (2) an alluvial terrace, and (3) tertiary uplands. The local 
relief of the terrace is less than 20 ft, except along a few streams 

that have cut deeper than 20 ft. A 30- to 50-ft-high north-south trending 

bluff separates the floodplain from the terraces. Total relief on PBA 

is 150 ft from an elevation of 190 ft msl at the Arkansas River to an 

elevation of 340 ft msl in the northwestern portion (USAEHA, 1974).
Plate 1 is a topographic map of PBA.

Geology

The PBA is within the Mississippi embayment, a 100,000 sq ml,, 
wedgeshaped portion of the Gulf Coastal Plain extending from its apex in 

southern Illinois to the Gulf of Mexico. The embayment is a southerly 

plunging syncline which is filled with sedimentary rocks and sediment 
ranging in age from Jurassic to Quaternary and reaching a maximum thickness 

of about 18.000 ft in the southern part of the region. The PBA is on 

the western flank of the embayment where approximately 4,000 ft of 
sediments overlie the Paleozoic bedrock. The Cretaceous system occupies 

the lower 3,000 ft and is overlain by about 1,000 ft of the Tertiary 

system which is important to the Hydrogeologic Survey of PBA. The 

Tertiary interval includes the Sparta Sand, an artesian aquifer which 

is a major source of water in the region. This aquifer is separated 

from the locally developed shallow aquifers in the terrace and alluvium 

by substantial thickness of low-permeability clay deposits. The majority 

of the clays are in the Jackson Formation which is not a source of water 

for the region (Cushing, E. M.; Boswell, E. H.; and Hosman, R. L.,
1969). Figure 4 is a generalized stratigraphic column derived from
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VTN (1975) and credited to CapIan, W. M. (1945) and Dunbar, C. 0. and 

Wagge, K. M. (1969).
Quaternary deposits (meander belt deposits, alluvium, and terraces) 

dominate PBA except for the northwestern sei-tor of the PBA which is 

blanketed by the older Tertiary age Jackson Group (Plate 2). The surface 

of the alluvium and meander belt deposits are primarily coarse grained, 
while the terrace and Jackson surfaces are composed of fine-grained 

soils (silts and clays).
Meander Belt Deposits

Meander belt deposits are developed within a floodplain during 

overbank flow and channel migration. At PBA the Arkansas River floodplain 

Includes all lands between the Arkansas River and the escarpment bordering 

the Pleistocene Terrace—more specifically, those lands lying between 

the old channel which flowed through Yellow Lake and the Arkansas River. 
Meander belt deposits are alluvial in origin and Include point bar 

deposits (ridges and swales) composed of alternating arcuate bands of 
the coarse-grained ridges and fine-grained swales, abandoned channels 

which are composed of fine-grained soil and natural levee deposits generally 

composed of silty sands and silts. The meander belt deposits at PBA are 

primarily poorly graded sand and some highly plastic clays. The sands are 

between Yellow Lake and the Arkansas River, and the clay deposits are 

concentrated along the old river channel and west to Yellow Bluff. Backswamp 

deposits are another environment of deposition within floodplains. These 

deposits are predominantly clay with varying amounts of organic material and 

occur between meander belts or meander belts and valley walls (escarpments). 
Backswamp deposits probably occur within the floodplain of the Arkansas River 

in PBA but have not been identified because a more detailed study would be 

required to- depict them. For this study, if backswamp deposits occur, they 

are included in the meander belt deposits.
Recent Alluvium

Recent alluvium are those deposits laid down during comparatively 

recent geologic time by a stream or other body of running water as a
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sorted or semisoi.ted sediment in the bed of the stream or on its floodplain. 
The deposits can range frc-". unconsolidated detrital material to clay.
The alluvium depicted on Plate 2 is primarily silt and clay in the 

tributaries of the Arkansas River. The fine-grained nature of the 

source of these deposits is due to the source materials and the relatively 

low carrying capacity of the small streams at PBA.
Pleistocene Terrace

The Pleistocene terrace deposits occupy that portion of the PBA 

lying between the Jackson surface and the meander belt or alluvial 
deposits. The terrace is the result of rising and lowering of sea level 
during Pleistocene time. During a low still stand of the sea, the 

Jackson surface was eroded to an elevation approximating 100 ft in the 

vicinity of Pine Bluff by the ancient Arkansas River system. With the 

subsequent rise in sea level, an ancient Arkansas River deposited a 

thick sequence of gravels, sands, and silts, sandy silts or clays, in 

that order. This deposition stage was followed by a lowering of sea 

level which subjected this surface to erosion and subsequent reentrenchment 
of the Arkansas River to its current position. Cook (1966) named this 

surface the Hazlehurst Terrace from the type location in Hazlehurst, 
Georgia, and established elevation limits of 215 to 275 ft. These 

elevations correlate with the terrace at the PBA.

Soils

Surface soils at PBA range from clays, silts, silty sands to 

sands depend'.ng upon the environment of deposition. All of these soils 

may be encountered in the subsurface although the predominant soils are 

silts, sandy silts, and clays. The U. S. Department of Agriculture has 

mapped five soil associations on PBA. The Angie-Sacul (Saffel)-Savannah 

association, located on the northern end of PBA, is deep, moderately 

well drained, slowly and moderately slowly permeable, acid, and loamy 

soils. This soil association consists of the 'following series: 35 percent



Angie, 25 percent Sacul, 25 percent Savannah, and 15 percent inclusions 

of Amy, Ochlockonee, luka, Myatt, Cahaba, Susquehanna, and Pheba. Angie 

soils are a grayish-brown fine sandy loam surface soil overlying a 

yellowish-bro^^m silty clay loam upper subsoil. Sacul soils consist of a 

grayish-brown fine sandy loam surface soil over yellowish-red or red 

clay subsoil that is mottled gray in the lower part. Savannah soils are 

a grayish-brown fine sandy loam surface soil over a yellowish-brown loam 

or sandy clay loam subsoil that has a gray, yellow, and brown mottled 

fragipan in the lower part.
The Cahaba-Savannah soil association occupies a small niche on 

the western boundary of PBA. This association is deep, well and moderately 

well drained, moderately and moderately slowly permeable, acid, and 

loamy and consists of the following soil series: 45 percent Cahaba,
40 percent Savannah, and 15 percent inclusions of Angie, Amy, Pheba, and 

Sacul. The well-drained Cahaba soils are grayish-brown or brown fine 

sandy loam surface soil over yellowish-red or red sandy loam or sandy 

clay loam subsoil. The moderately well-drained Savannah soils were 

described in the previous paragraph.
The Amy-Pheba-Savannah soil association occupies the central part 

of the Arsenal. These soils are deep, poorly to moderately well drained, 
slowly and moderately slowly permeable, acid, and loamy. This association 

consists of the following soil series: 45 percent Amy, 25 percent
Pheba, 20 percent Savannah, and 10 percent inclusions of Ifyatt, Cahaba,
Angie, Sacul, and Ochlackonee. The poorly drained Amy soils are gray 

silt loam surface soil over gray, mottled silt loam or silty clay loam 

subsoil. The somewhat poorly drained Pheba soils are dark gray to 

grayish-brown silt loam or loam subsoil with a fragipan in the lower 

part.
The Henry-Calloway-Grenada soil association occurs on the southern 

end of PBA. These soils are deep, poorly to moderately well drained, 
slowly permeable, level to gently sloping, acid, and loamy. This association 

is made up of the following soil series: 40 percent Henry, 40 percent



Calloway, 15 peicent Grenada, and 5 percent inclusions of Falaya and 

Zachary soils, and f<illied land. The poorly drained Henry soils are 

grayish-brown or gray silt loam surface soil over gray, mottled silt 

loam or silty clay subsoil that has a fragipan. The somewhat poorly 

drained Calloway soils are grayish-brown silt loam or silty clay loam 

subsoil with a fragipan. The moderately well drained Grenada soils are 

brown silt loam or silty clay loam upper subsoil and mottled gray and 

yellowish-brown lower subsoil that is a fragipan.
The Crevasse-Portland soil association occupies an area around

Yellow Lake and a narrov; strip running north along the east edge of the 

Arsenal. Tliese soils are deep, somewhat poorly drained, rapidly to very 

slowly permeable, and acid to neutral in pH. The sandy and clayey 

bottom land soils are subject to frequent flooding. The association 

consists of the following soil series: 45 percent Crevasse, 30 percent
Portland, and 25 percent inclusions of Rilla, Keo, Morgenfield, Latanier, 
Desha, and Perry. The excessively drained Crevasse soils are brown 

loamy sand surface soil overlying light yellowish-brown sand. The 

somewhat poorly drained Portland soils are dark grayish-brown silty clay 

loam to clay surface soil over dark brown to red, mottled clay subsoil.
Figure 5 is a generalization of the soil association distribution 

(Chemical Systems Laboratory, 1979). The U. S. Department of Agriculture 

divides soils into horizons. These horizons are identified as A, B, C, 
and D, which are defined as zones of humus accumulation and mineral 
leaching, mineral accumulation, unconsolidated or slightly altered 

parent material, and unaltered parent material, respectively. Plate 3 

is a conversion of the USDA soil types (A horizon) to classification 

according to the Unified-Soil Classification System (USCS).

Groundwater

The PBA is underlain by two aquifers that are widely used as a 

water supply. These aquifers are the Quaternary sands and gravels of

WORKING DRAFT



PINE BLUFF ARSENAL LEGEND:

Q ANGIE-SACUL (SAFFEL) - SAVA‘\','JAH 

CAHA8A-SAVANNAH 

@ AMY-PHEBA-SAVAWNAH 

@ HENRY-CALLOWAY GRENADA 

@ CREVASSE-PORT LAND

Figure 5. Soil associations at Pine Bluff Aresnal

WORKING DRAF



the alluvium and terrace and the deeper Tertiary Sparta sand. The 

Quatern..ry aquifer is shallow (usually less than 50 ft deep") and Is used 

in the surrounding areas for individual residence consumption, farm 

irrigation, and fisii farming. Recharge is primarily by infiltration but 
along some reaches of the Arkansas River, the river is effluent to the 

aquifer. The PBA does not use this aquifer.
The Sparta sand is at depths of 800-1000 ft in the Pine Bluff 

area including PBA and ranges in thickness between 450-800 ft. The 

potentiometric surface occurs at depths of 200-250 ft (AEHA, 1974). The
top of the Sparta sand lies at elevations ranging from 0 msl in the 

northwestern portion of Jefferson County to 900 ft below msl in the 

southeastern portion of the county. Wells in the Sparta produce some 

50 million gallons per day for industry and municipal water supplies. 
Recharge is by infiltration in the outcrop area west of Jefferson County 

and by infiltration from the overlying Quaternary deposits north and
" a

southeast of Jefferson County (VTN, 1975). The Sparta sand is not 
hydraulically connected to the Quaternary aquifer at the PBA.

All of the Eocene (see Figure 4) formations below the Jackson 

Group have aquifers associated with them but the water demands of the 

Pine Bluff area have not required that these deeper formations be exploited, 
The remainder of the Tertiary (Paleocene) and all of the Cretaceous have 

no sub.stantial aquifers and only occassionally does a formation have 

members which yield large quantities of water. Excessive mineralization 

also precludes using these deeper aquifers (Cushing, E. M., Boswell, E. H., 
and Hosman, R. L., 1964).

Climate

The PBA has temperatures ranging from a normal average low 

temperature of 44.2“F in January to a normal average high temperature of 
83.2°F in July. The smooth transition from these extremes results in 

an average annual temperature of 64.2“F (VTN, 1975).
Approximately 50 in. of rainfall are spread over 100 days of 

measurable precipitation. This precipitation is scattered throughout
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the year with monthly averages ranging from 3.5 in. during the fall to 

4-5 in. during winter and spring. Snowfall is usually limited to 1- 
2 in. per year with many winters recording none. The potential evaporation, 
as measured with evaporation pans, is 58 ir. per/year (VTN, 1975).
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PART III: DATA COLLECTION

f

Field Exploration

The WES initiated a field drilling and sampling program in February 1977 

as the initial phase of the hydrogeological study and completed the 

major portion of the sampling program in August 1977. A total of 108 borings 

were drilled during this phase. An additional four borings were drilled 

and sampled during November 1978 to approximate the total thickness and 

characteristics of the water bearing strata in the Pleistocene terrace.
The purpose of the field exploration was to obtain soil samples for 

physical and chemical analysis and to collect water samples for chemical 
analysis. The PBA initiated, prepared, and monitored safety standard 

operating procedures and furnished all equipment and facilities as 

required during the drilling and sampling program. Plate 4 shows the 

boring locations of this program and the location of selected cross 

sections.
Sampling Procedures

Undisturbed and disturbed soil samples were acquired during the 

sampling program using a Mobil B-50 drill rig. All of the shallow borings 

were drilled using the hollow-stem auger technique. The deep borings 

(last four) were drilled with a Failing 1500 drill rig, and mud was used 

to preclude hole caving. An undisturbed sample is defined as a sample 

of minimal disturbance suitable for laboratory test. Undisturbed 

samples were obtained by pushing a thin-walled, 3-in.-diara, fixed piston 

sampler (Hvorslev) (see Figure 6) into the stratum being sampled. A 

75 cm sample was retrieved from its position and the sample (Shelby) 

tube removed from the Hvorslev sampler head. The bottom of the tubed 

sample was examined to field classify the soil type and consistency, 
qualitatively describe the water content, and color according to the 

data management users guide (U. S. Army Chemical Systems Laboratory,
1977). The tube was then placed in an extruder and the upper 10-20 cm
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(amount was dependent on the total sample recovery, but in no case 

was a physical test specimen retained without a matching chemical test 
specimen) pushed out of the tube. The extruded portion was trimmed to 

remove any contaminant introduced by the sampling apparatus, examined to 

ascertain physical description, placed in a jar, and labeled for subsequent 
delivery to the PBA testing laboratory for chemical tests. Packers were 

inserted in each end of the sample tube and the tube labeled for storage 

.-t PBA for subsequent shipment to che WES for physical testing.
Disturbed soil samples were obtained with a 1.375-in. split-spoon 

sa'.pler (see Figure 7) driven into the stratum being sampled by a 140-lb 

hammer with a 30-in. drop. A disturbed sample contains all the constituents 

of a particular stratum, but the original soil structure has been altered. 
These disturbed samples are sufficient for classification (Atterberg 

limits and sieve and hydrometer analysis), water content analysis, and 

chemical analysis.
Sampling Frequency

The sampling plan called for seven soil-samples and one water 

sample to be taken at each boring location. The vertical distribution 

of the soil samples is shown in Figure P. The position of the upper 

three samples was not varied from site to site but the lower four samples 

varied according to the estimated water table elevation. Sam.ple 6 was 

positioned at the estimated water table, sample 7 three meters (m) below 

the water table, and samples 4 and 5 were evenly distributed between 

samples 3 and 6. Uliere the elevation of the water table was under
estimated, additional sample(s) were required and the vertical spacing 

was dependent on a revised on-site estimate ->f the water table. Usually 

a conservative estimate (high elevation) was made to preclude drilling 

past this sampling point and in no case was the sampling interval 
increased. On several occasions this method necessitated more than one 

additional sample.
IThere the water table elevation was over estimated which was 

indicated by an increase in water content in sample 4 or 5, the next 
sampling interval was shortened to try and intersect the water table.
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IvTiere the over estimation ;vas discovered by saturated drill cuttings, 
drilling was halted and a sample was taken. The next sample was then 

taken 3 ra below the water table.
\vhere the water table was estimated less ^han 6 m deep, a sampling 

interval of 1-1.5 m as assigned and the positions of samples 3-7 calculated 

accordingly. With extremely shallow water tables, fewer than seven 

samples were often obtained.
Immediately after obtaining the soil sample at groundwater inter

section, a groundwater sample was obtained with a 2.54 cm, plastic bailer 

with a stainless steel foot valve. Figure 9 is a sketch of the bailer. 
Sample Distribution

The soil samples were transported daily to a heated storage building 

and stacked to await shipment to WES. After the chemical scans were run 

by PBA and no hazardous or toxic materials were identified in the samples, 
the undisturbed samples were placed in specially constructed racks and 

transported to WES. The racks were cushioned to prevent shock and the 

sample tubes were pinned to prevent rotation and sample disturbance.
Ti.e disturbed samples v;ere transported in a manner to prevent breakage 

of the glass jars. IThen the samples arrived at WES they were stored 

with proper orientation in a controlled environment to await physical 
testing.

The soil samples for chemical scans were sealed in glass jars, 
labeled, and transported to controlled environment storage to await the 

tests. Water samples were placed in jars, labeled, and subsequently 

<"ransported to the PBA testing facilities. Deviation from the above 

procedures were required with samples from sites that had a potential 
for white phosphorous contamination. In these cases the water samples 

were treated with a preservative and the water and soil samples were 

immediately transported to the testing facility at PBA.
Well Installation

After the last soil or water sample had been extracted at each 

boring location, the depth to the water table was determined for
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placement of a monitoring well. In coarse-grained material the water 

table could usually be measured without any time lapse, but in fine
grained materials it was necessary to estimate the water level from the 

\;ater content of the soil. After the depth of a monitoring well was 

determined, a well string was made up which consisted of (from bottom to top) 

an approximate 1.5 m section of capped, solid polyvinal chloride (PVC) 
pipe, an approximate 1.5 m section of slotted PVC pipe, and a length of 
solid PVC pipe sufficient to rise approximately 1 m above the ground surface. 
Figure 10 shows a typical well installation. All joints were sealed to 

prevent any leakage above the screen. A 1 cm vent hole was drilled 

through the PVC approximately 10 cm below the top to permit equalization 

of pressures. A slip-on PVC cap was placed over the top of the well 
string.

The made-up well string was placed through the hollow-stem 

auger so the top of the well screen was at the water table. The hollow 

stem auger served as a casing to prevent collapse of the boring below 

the water table. When the well string was in place, the hollow-stem 

auger was removed. The riser (length of PVC pipe above the ground 

surface) was checked and adjusted if slippage either up or down had 

occurred. The annulus between the well string and boring wall was 

filled with washed river sand to a level approximately 1.5 m above the 

top of the screen. The remaining annulus was grouted using a water, 
cement, and bentonite grout (Figure 10). The bentonite was added to 

prevent shrinkage and cracking during the curing process. Voids caused 

by settlement of the grout were subsequently filled with a similar grout 
mixture. Each observation well was labeled and the bailer was suspended 

on the inside of each well. Appendix A contains measurements made 

for the stickup (STKUP), screen (SCREN), sand filter (SFILT), and 

grout (GROUT).
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Physical Test

Standard soil test procedures as specified by Engineer Manual 1110- 
2-1906, "Laboratory Soil Testing," were followed during testing. Classifi
cation tests (Atterberg limits and grain-size distribution of the soils) 

were performed on all samples; water content and density tests were perform.ed 

on selected samples; and permeability tests were usually performed on 

t«o samples per boring, one above and one below the water table. Detailed 

testing procedures are presented in Appendix B.
Classification of soils was made according to the USCS which 

depends upon grain-size distribution and the Atterberg limits. Grain- 

size distribution was determined with standard sieves and a hydrometer 

and the Atterberg limits (liquid and plastic limits) were determined with 

standard devices. The liquid and plastic limits are the water contents 

at the boundaries betv;een the semiliquid and plastic state and the plastic 

and seraisolid state, respectively. Figure 11 shows the USCS by which the 

PBA soil samples were described.
Water content (the amount of free water in a soil) and soil density 

(the weight per unit volume) are importanc engineering relationships 

and are useful correlations among samples for which a full suite of 
physical test data are not available.

Permeability is a measure of the soils ability to transmit water. 
Permeability tests v;ere usually performed on tvro representative samples 

per boring which allowed meaningful correlations to be made among the 

various USCS types and general evaluation of the hydrogeological conditions 

of the PBA. The specimen above the water tabl,. was believed to be from 

the least permeable stratum betweert the surface and the water table.
This material should furnish the most resistance to the downward migration 

of contaminants. The specimen below the water table was selected to 

furnish an approximation of the maxim.um rate of horizontal migration 

of contaminants.
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PART IV: STUDY RESULTS

Soil Characteristics

Classification
Of the 782 sanples tested, the fine-grained material predominates 

with 572 samples being classified as silt and clay (Figure 11). The 

clays are further subdivided into two groups, L and H, according to the 

liquid limits of the material. In these groups the symbol C stands for 

clay, with L and H denoting low or high liquid limits, with the dividing 

line set at a liquid limit of 50. The soils are primarily inorganic 

clays. Low plasticity clays are classified as CL and are usually lean, 
sandy, or silty clays. The medium and high plasticity clays are classified 

as CH; these include the fat clays, gumbo clays, and some volcanic 

clays. Three hundred and twenty-four samples were classified CL and 

132 samples were classified as CH.
The silts are also further subdivided into two groups according 

to the liquid limits of the material (Figure 11). In these groups the 

symbol M has been used to designate predominantly silty materials. The 

symbols L and H represent low and high liquid limits, respectively, and 

dividing line between the two is set at a liquid limit of 50. The soils 

in the ML and Mil groups are sandy, clayey, or inorganic silts with 

relatively low plasticity including loess-type soils and rock flours.
Seventy-two of the samples were classified as ML and nine of the samples 

vrere classified as MH.
Soils with liquid limits and plasticity indexes falling within 

the hachured zone of the classification chart are assigned a dual classification, 

CL-ML; 35 of the samples classified were within this zone (Figure 11).
The coarse-grained material was dominated by silty sands (SM).

This classification covers sands with between 12 and 50 percent of the 

sample passing the No. 200 sieve (smaller than .074 mm) and the plasticity 

index and liquid limit of the materials passing the No. 40 sieve
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(smaller than 0.42 mm) plot below the "A" line on the plasticity chart 
(Figure 11). One hundred and two samples were classified as SM.

Forty-five samples were classified as poorly graded sands which 

contain little or no plastic fines (less than 5 percent passing the 

No. 200 sieve). This material, SP, is called poorly graded because 

the sand grains fall within a narrow size range.
Fifty-three samples were classified as borderline cases between 

the SP and SM and rec'^ived a designation of SP-SM. This group has 

between 5 and 12 percent of the material passing the No. 200 sieve.
Nine samples were classified as clayey sand (SC). This is a 

sandy soil with between 12 and 50 percent fairly high plasticity material 
passing the No. 200 sieve. Tlie liquid limit and plasticity index plot 
above the "A" line on the plasticity chart (Figure 11).

One sample received dual classification of SC-SM. This material 
has between 12 and 50 percent passing the No. 200 sieve and the liquid 

limits and plastic limit of the sample plots within the hachured area of 
the classification (Figure 11).

The predominance of fine-grained material is attributed to the 

majority of the samples being obtained within the fine-grained upper 

strata of the terrace material and the finer grained material in the 

Jackson undifferentiated.
The liquid limits of the fine-grrined material ranged from 21 to 

87 percent water with the 25-35 percent water range predominating. The 

plastic limits of the fine-grained material ranged from 10 to 34 percent 
water with the 15-20 percent water range predominating. Plates 5-10 are 

cross sections along selected traverses (Plate 4) and the soil tyres are 

based on the physical analyses of the soil samples.
V/ater Content and Density

h’ater contents ranged from 2.9 to 40.6 percent with 15 to 25 percent 
occurring most often. The accompanying densities ranged-from 1.21 to 

1.45 grans per cubic centimetre (g/cc) with the range of 1.4 g/cc to 

1.7 g/cc being predom.inant.



Pcrineability

The permeabilities ranged from 0.0 cm/sec to 2.0 cm/sec. The 

majority of the coarse-grained materials (SP, SP-SM, SM, SC, and SC-Sh)
-3 _5exhibited permeabilities in the range of 1 x 10 to 1 x 10 cm/sec.

The fine-grained materials (ML, MH, CL-ML, CL, and CH) usually exhibited
—5 "“Spermeabilities in the range of 1 x 10 to 1 x 10 cm/sec. Permeability 

distribution according to the USCS types is shown in Table 3.
Figures 12 and 13 show the distribution within soil types for the 

coarse-grained and fine-grained soils, respectively. Table 4 presents the 

results of all physical tests.

Water Levels

Water level measurements were made on a number of occasions but 
only one complete round was made with the specific purpose of obtaining 

a set within a short time frame. This set of measurements was made 

during 2-4 August 1977 and these elevations are shown in Table 5 along 

with the next most concise data set; those taken during 24 June - 29 July 

1977, a period of well development and drilling operations. Plates 11 

and 12 are water table maps based on these measurements. Appendix A 

contains the stabilized groundwater measurements made during this study.

Subsurface Cross Sections

Subsurface cross sections (Plates 5-10) were constructed to show 

the near-surface ( <2 metres) distribution of USCS soil types along the 

selected traverses at PBA. These traverses were selected to cross the 

different geologic formations and the major concentrations of known 

surface contamination (see Plate 4 for cross section locations). A 

discussion of each cross section is presented in the following paragraphs.
Section A-A’ is along the western boundary of the PBA and crosses 

the Jackson Group and the Pleistocene terrace deposits. A predominance
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of fine-grained material, i.e silts (ML and MH) and clays (CL and CH) is 

apparent. Boring No. 89 is along side an intermittent stream and shows 

the effect that drainageways have on the water table in the Jackson Group. 
In contrast, the water table in a larger stream dissecting the terrace is 

at about the same elevation.
Section B-B' is along the northern boundary of the PBA and NCTR. 

This traverse crosses the Jackson Group, the terrace, and the meander 
belt deposits. One boring (No. 94) is in a small creek and hos a veneer 
of coarse-grained material while two borings (Nos. 97 and 99) are on a 

terrace remnant. The water table exhibits the usual steep gradient in 

the higher, fine-grained deposits of the Jackson Group and a shallow 

gradient in the coarser-grained meander belt deposits.
Section C-C' is along the eastern boundary of the PBA and borders 

the Arkansas River in the northern sector (boring No. 102 to boring 

No. 8). This section crosses meander belt deposits in the north and 

Pleistocene Terrace deposits in the south. A melange of coarse-grained 

and fine-grained deposits characterize the surface of the meander b^lt 
deposits and the surficial terrace deposits are fine-grained. The water 

table shows little variation along this section. This relatively 

constant level is attributed to the position of the section (perpendicular 

to general water table gradient) and the proximity of the Arkansas River.
Section D-D' is in the northern portion of the PBA and crosses 

the DDT area. This section traverses the Jackson Group deposits and the 

Pleistocene Terrace before dipping down to meander belt deposits at 
boring No. 52. Fine-grained deposits are present in the Jackson Group 

and the surficial deposits of both the terrace and meander belt deposits 

are fine-grained. An elevated, steeply sloping water table is shown in 

the fine-grained Jackson Group in contrast to water table in the terrace 

and meander belt deposits which exhibits a nearly flat-lying, lower 

water table. The higher elevation and steeper gradient in the Jackson 

Group are due to the higher surface elevation and lower permeabilities 

of the Jackson Group.
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Section E-E' is in the south-central portion of the PBA and 

crosses terrace deposits and meandc" belt deposits. The section extends 

from the western boundary (boring No. 75), passes the head of VJhite 

Creek and south of the old sanitary landfill, and terminates on the 

eastern boundary with fine-grained meander belt deposits (boring No. 31). 
This entire section is predominantly fine-grained deposits. Boring 

No. 75 (western end) shows an elevated water table which is probably due 

to the proximity of the Jackson Group deposits but the remainder of the 

section shows the characteristic low gradient and deeper water table of 
the terrace and meander belt deposits.

Section F-F' traverses the central portion of the PBA in a 

generally north-south direction. It crosses deposits of the Jackson 

Group, Pleistocene Terrace, and Recent alluvium. This section passes 

through the DDT area and skirts the northern perimeter of the old sanitary 

landfill before terminating on the southern boundary at boring No. 58. 
Fine-grained surficial deposits of the Jackson Group and Pleistocene 

Terrace predominate the section and the usual elevated water table of 
♦•he Jackson Group and the flat-lying lower water table of the terrace 

aquifer is present. The single alluvium boring (No. 6) has a series 

of coarse-grained and fine-grained deposits and the water table closely 

approximates the surface water level of the adjoining creek which is a 

tributary of the Arkansas River.

Vertical Migration of Contaminants

Vertical migration of contaminants is governed by the solubility 

of the contaminant, the permeability of the soil, and the driving force 

or hydraulic head applied to the solution. This head may be provided 

either by contaminated liquid or rainfall. At the PBA, both of these 

conditions could be met. To combat vertical migration, deny the 

contaminant to the environment and/or enhance the factors which decrease 

permeability of the soil and/or the hydraulic head. These are practiced
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at PBA by cessation of surface or subsurface disposal of contaminants 

and the covering of con'aminated areas with low permeability soils. The 

susceptibility of the PBA to problems with vertical migration depends on 

the surface materials which contaminants come in contact.
The presence of coarse-grained soils (Plates 2 and 3) in alluvial 

deposits and terraces have potential for vertical movement of 
contaminants from the surface to the water table aquifer. However, the 

potential is reduced by the presence of a hardpan at shallow depths 

(1-2 m) over most of the PBA. The terrace surface material consisting 

primarily of silts and silty sands is underlain by finer-grained 

materials (clays at a depth of 1-2 m), which should retard the 

vertical migration to depth. The only area of the PBA subject to rapid 

infiltration and percolation to the water table is the Arkansas River 

floodplain. This area was mapped as meander belt deposits on the geology 

map and silty sand on the soils map. Several borings in this area (8,
9, 49, 51, 52, and 79) show the predominance of coarse-grained materials 

from ground surface to the v^ater table (see Plate 8). The predominance 

of fine-grained surface soils on the cross sections presented cn Plates 5, 
6, 8, 9, and 10 should retard vertical migration on the terrace and 

Jackson Group. The predominance of coarse-grained deposits in the 

meander belt deposits offer virtually no resistance to migration between 

the ground surface and the water table.

Subsurface Horizontal Migration of Contaminants

Tlie potential for subsurface horizontal migration of contaminants 

is dependent upon the contaminants reaching into the groundwater. After 

entering the groundwater, the rate of horizontal contaminant migration 

is dependent upon the permeability of the aquifer and the driving force 

or hydraulic head.
The water table maps show two distinct groundx/ater gradients, both 

moving to the east. The Quaternary surface (see Plate 2) is underlain



by a water table which approximates river level and dips gently toward 

the river. Water table in the Jackson Group slopes rather sharply to the 

east and lies at a higher elevation than in th i Quaternary. While the 

water table maps show a continuous, one directional groundwater basin 

(easterly) flow covering the entire PBA, it is probable that due to surface 

elevation differences within the Jackson, the groundwater in the northwestern 

portions of the PBA is feeding the stream in the adjacent alluvium. However, 
the prime objective of this study was to define off-post flow which is 

to the east. Some of the water levels in the northwest sector closely 

approximate the surface flow levels in the topographic lows before 

joining the general trends of flow to the east. The intricacies (Plates 5 

and 6) of groundwater flow in the northwest sector are not relevant.,
The higher gradients in the Jackson Group (Plates 5, 6, and 8) 

are not interpreted as indicating either a greater velocity or larger 

volume than the lower gradients in the Pleistocene Terrace, meander belt 
deposits, or alluvium. This is the result of the thinner, discontinuous, 
lower permeability saturated zones of the Jackson Group as compared to 

the other deposits.
Total mass flow passing beneath the PBA cannot be calculated due 

to the lack of data on the total saturated thickness of the aquifer. An 

estimate of groundwater velocity may be obtained from the equation;

where v = groundwater velocity 

k = permeability 

i = hydraulic gradient 
p = porosity

Using the general values of;
k = .01 cm/sec in the terrace and meander belt deposits 

k = .0001 in the Jackson Group
i = .0008 in the terrace and meander belt deposits
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i = .007 in the Jackson Group 

p = .3 for all deposits
Solving for velocity gives values of 84 m/yr in the terrace and 

floodplain and 70 m/yr in the Jackson Group. These values are probably 

in the right order of magnitude but site specific data would be required 

for precise estimates.

Surface Storage of Hazardous Waste

Safe storage of hazardous or toxic waste requires detailed planning, 
precise execution, and scrupulous monitoring. Because of the potential for 

vertical and horizontal subsurface migration of contaminants at PBA, any 

contaminant storage must be properly planned and monitored. Detailed site 

specific investigations will be required at any candidate storage site to 

define the strata between the ground surface and the water table as well 
as the gradient and hydraulic conductivity of the water table aquifer. In 

the absence of a verifiable, thick, low permeability strata, site enhancement 
procedures will be required. Site preparation may range from simply 

mixing an extrem.ely low permeable material in the final surface of the 

storage area to placing an impermeable base of cement, asphalt, membranes, 
chemical additive, etc. Requirements for a storage site must also 

include provisions for a system to prevent surface water (rainfall runoff) 

from coming in contact with the materials and installing a groundwater 
monitoring system by placing a network of wells around the site. The 

hydrogeologic characteristics of the Jackson Group deposits are more 

suitable for a storage site than the Pleistocene Terrace. However, 
the procedures discussed above for site preparation must be followed 

regardless of the location. The floodplain should be completely 

eliminated from any consideration.



PART V: CONCLUSIONS AIn^D RECOMMENDATIONS

Conclusions

The potential for the vertical migration of contaminants to the 

water table and the subsequent easterly movement of these contaminants 

off-post exists at the PBA. That portion of PBA occupied by the Jackson 

Group sediments is least susceptible to the vertical migration; the 

Pleistocene Terrace is the next most resistant; and the meander belt 
deposits and alluvium are very susceptible to the vertical migration of 
contaminants. Tlie Pleistocene Terrace, the meander belt deposits, and 

the alluvium are very susceptible to the horizontal migration of contaminants 

after entering the groundwater. The Jackson Group of sediments offer some 

resistance to the horizontal migration of contaminants because of their 

fine-grained characteristics.
The Jackson Croup sediments contain the best candidate sites to 

securely store any soluble toxic material. This surface at a proposed 

storage site will require ext"nsive site investigation and probably 

substantial engineering improvements. Howeve: , detailed investigations 

and appropriate engineering improvements should make limited storage feasible. 
The Quaternary surface of PBA will require extensive engineering effort to 

securely store any soluble toxic material. Even these improvements 

should be limited to the higher elevations of the terrace surface. The 

floodplain of the Arkansas River should not be considered.

Recommenda tions

The monitoring wells Installed during this study can furnish an 

understanding of the groundwater regime of the PBA and aid in evaluating 

the chemistry of the groundwater through a systematic water level measure
ment and water sampling and analysis program. Groundwater measurements 

and sampling should be made on a monthly basis for at least a year to
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establish trends and then quarterly to verify the trends. Subsequent 
years should have measurements made at the time of maximum and minimum 

groundwater elevations as established during the first two years.
Additional monitoring points are not recommended at present but 

may be required to refine the definition of the groundwater regime in 

critical areas or to verify any contaminant movement should chemical 
analyses indicate the presence of contaminants. The location of these 

additional monitoring points should be determined by a careful analysis 

of the hydrogeology and groundwater chemistry of the area in question.



Table 1

Materials Used in PBA Onerations

Acetone, ketOiies
Agar - Agar
Alcohols, solvents
Aluminum, po-^ifder, or grained
Animal protein
Barium chromate
Bariura nitrate
BZ
Calciimi carbonate 
Caustic
Cellulose nitrate-camphor 
Cellulose nitrate 
Charcoal
Chloracetophenone (CN)
Chlorates
Chlorine
Chromates
CS
Cysteine HCl
Dextrine
Dextrose
Diatomaceoui* earth
Dipyridyl
Dye, green
Dye, red
Dye, yellow
Fuller's earth
Glycene
Graphite
Hexachlorethane
Hydrochloric acid
Iron oxide
Lactose
Lard oil
Lead oxide (red lead) 
Magnesium carbonate

Magnesium hydroxide 
Magnesium powder 
Metal powders 
Nitrates (inorganic) 
Nitrocellulose (wet) 
Perchlorates 
Phosphorus, red 
Phosphorus, white 
Plant protein 
Potassium bicarbonate 
Potassium chlorate 
Potassium nitrate 
Protamine sulphate 
Quaternary ammonium compound 

(50^ solution)
Raffinose
Resin
Silicone
Silicone antifoams 
Skim milk solids 
Soda, sodium bicarbonate 
Sodium chloride 
Sodium nitrate 
Sodium sulfate 
Sucrose
Sugar, powdered 
Sulphur 
Sulfuric acid 
Thermit 
Thiamine HCl 
Thiourea
Titanium, powdered 
Tricalcium phosphate 
Tryptose 
Zinc borate 
Zinc oxide

c;



Table 2

Schedule of Monitoring \/ells

We 21 
nu’aber'

la/

2b/

3c/

k

5R

6

7

8 

9

10

11

12

13

li|

15

16R

ITR

Manufactiiring 
area monitored

Chlorine^"^

Chlorine

Chlor ine^'^

Storage depot

¥P

WP

HC

HC

Smokes 

Smoke s 

BZ 

BZ

CN, CS 

CN, CS 

CN, CS 

HC

Contaminated ditch

Location

Near building 5*+-36o acetylene generator 

Between buildings 53-810 and 50-910 

Between buildings 53-110 and 53-220 

Webster Road

Near creek receiving WP plant waste 

Near V?P waste system 

Off Stokes Road near Avenue 3^-B 

On Stokes Road

338 Street near Avenue 331-A 

Near building 33-670 

Avenue 321-A 

Near building 32-690 

Avenue 311-A near building 31-570 

Building 31-830 and building 3I-8LO 

Avenue 311-B and 310 Street 

Sibert Road 

near McCoy Road

* R = Existing wells rehabilitated.
ARKLA Chemical Co.

a/ Drilled to depth of 135 feet without evidence of water. Abandoned as a 
dry hole.

b/ Drilled to depth in excess of 100 feet. Abandoned as a dry hole.
£/ Drilled to 685 feet to reach water. This was done by PBA in an attempt to 

prove the absence of useful groundwater for monitoring in the area of the 
leased chemical facility.
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Table 3

Distribution of Perneabilities Accordir,-. to Soil T’/Des

Soil Type
(uses)

S?
SP-SM

SM

sc-sn
SC
ML
MH

CL-:iL
CL
CH

Permeability, c-n/sec
Max 1* lum Min imam Mean Average

2.00

1.50

8.30

1. U8

2. Th 

6.90 

1.30 

2.30 

1.40 

6.20

X 10 

X 10

X 10 

X 10 
X lO' 

X 10

X 10 

X 10 

X 10 
X 10'

-2I

-2

-3

,-5

r5
-1*

-It

-k
-k
,-5

5.30 X 10

3.50 X 10

-5
-6
-106.90 X 10

1.U8 X lo"^

5.kh X lO"^ 

,-71.03 X 10

1.20 X 10

1.90 X 10 

0.00 

0.00

-5
-7

5.60 X

5.85 X 

3.80 X 

1. U8 X

l.Uo X

3.00 X

3.00 X 

2.40 X 

8.30 X

1.20 X

D-3

d-5
)-5
)-5

^-7

6.63 X 

1.97 X 

7.39 X

l.ltS X 

l.UO X 

1.22 x' 

5.73 X

6.50 X 

8.09 X 

2.71 X

)-3

3-3

3-5

,-5

3-5

3-5

3-^

,-6

No.
Samnles

13

20

23

1

2

20

3

7

79
k3
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Table U. Physical Test Results

Boring
No.

Sample
Depth,

cm

Atterberg
Percent

Limits,
Water

usesClassifi
cation

Water
Con ten t,

%
Density,

g/cc
Permeability, 

cm/sec
Liquid
Limit

Plastic
Limit

1 29-67 22.0 16.0 CL-ML
1 124-174 21.0 17.0 SM
1 324-347 NP NP SM
1 599-648 31.0 16.0 CL
1 874-918 32.0 17.0 CL 20. 7 1.67 _ 71 1174-1184 26.0 19.0 CL 24.6 1.57 2.3 X 10 ::
1 1449-1500 NP NP SP-SM 1.60 1.9 X lo"
2 24-70 26.0 18.0 CL
2 124-160 38.0 17.0 CL
2 324-373 29.0 18.0 CL
2 619-665 32.0 12.0 CL
2 914-947 32.0 15.0 CL
2 1209-1233 55.0 20.0 CH 21.5 1.67 _7
2 1509-1543 29.0 17.0 CL 27.9 1.51 2.2 X 10
3 29-70 43.0 16.0 CL ■

3 179-225 30.0 18.0 CL 10.4 1.67 7.7 X 10 °
3 329-375 22.0 15.0 CL 7.5 1.90 9.8 X 10
3 629-675 51.0 16.0 CH
3 779-824 26.0 12.0 CL
3 929-974 32.0 17.0 CL
3 1079-1124 NP NP ML
3 1229-1268 NP NP SP —fi
3 1679-1720 NP NP SP-SM 1.67 4.0 X 10
4 29-75 23.0 16.0 CL-ML
4 129-170 30.0 16.0 CL 22.2 1.58
4 325-371 37.0 14.0 CL
4 646-692 29.0 15.0 CL
4 963-995 NP NP ML
4 1275-1325 NP NP SM 15.4 1.68 3.3 X 10 ^
4 1570-1615 NP NP SP 1.63 5.3 X 10 ^
5 75-145 43.0 18.0 CL 30.4 1.46 3.8 X 10 ^
5 179-224 60.0 23.0 CH 39.8 1.23 1.2 X 10 ::
5 389-435 NP NP SP-SM 1.58 3.2 X 10
6 24-61 NP NP SM
6 124-170 NP NP SM
6 224-275 61.0 24.0 CH 35.7 1.27
6 399-425 NP NP SP 24.2 1.47 1.2 X 10 ^
6 604-655 68.0 23.0 CH 40.6 1.25 7.5 X 10"
7 24-74 22.0 16.0 CL-ML 20.7 1.58 _77 119-143 34.0 15.0 CL 22.5 1.54 1.5 X 10
7 324-374 28.0 15.0 CL
7 654-705 29.0 13.0 CL

(Continued)
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Table 4. Physical Test Results

Atterberg Limits, 
Percent Water

Boring
No.

7
7
7
7
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 
9 
9 
9

10 
10 
10 
10 
10 
10 
10 
11 
] 1 
11 
11 
11 
11 
12 
12 
12 
12 
12 
12 
12 
13 
13

Sample
Depth,

cm

?S4-
1314-
1574-
1665-

29-
129-
229-
329-
429-
754-

29-
129-
229-
329-
479-
654-
945-

24-
129-
329-
639-
949-

1259-
1559-

24-
129-
229-
325-
454-
749-

24-
124-
324-
619-
914-

1209-
1364-

29-
129-

3035 
1365 
1625 
3 669 
75 
175 
275 
375 
475 
800 
57 
165 
275 
375 
525 
700 
1007 
55 
150 
375 
685 
995 
1305 
1605 
57 
173 
275 
373 
496 
790 
70 
165 
•350 
645 

■965 
•1242 
■1405 
•66 
■162

Liquid
Limit

33.0
31.0 

NP 
NP ' 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP

20.0
28.0
47.0
41.0
27.0 

NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP

31.0
36.0
26.0
39.0
62.0 

NP 
NP

25.0
26.0

Plastic
Limit

18.0
17.0 

NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP

16.0
19.0
14.0
15.0
17.0 

NP 
NP 
NP 
NP 
NP 
NP 
NP 
NP

18.0
17.0
12.0
18.0
24.0 

NP 
NP ■

16.0
17.0

usesClass if i- 
cation

CL
CL

SP-SM
SP
SP
SP
SP
SP
SP

SP-SH
ML
ML
SP
SP
SP
SM
SM
SM
CL
CL
CL
CL

SP-SM
SP-SM
ML

SP-SM
SM

SP-SM
SM

SP-SM
CL
CL
CL
CL
CH
SM
SP
CL
CL

Water
Content,

%

4.4

3.1

27.6

19.8

8.7

22.6

17.8

11.9

Density, 
g/cc

1.57

1.52

1.53 
1.61

1.54

1.52
1.65

1.71

1.62
1.62

1.43

1.54
1.65

1.67

1.67
1.54

Permeability, 
cm/sec

1.1 X 10-3

2.0 X 10 
1.5 X 10

-2
-3

1.1 X 10 
8.5 X 10-4

5.8 X 10
1.6 X 10

-4
-3

1.5 X 10 
3.4 X 10

-3
-3

1.0 X 10-5

6.7 X 10
1.0 X 10

-4
-2

(Continued)
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Table U. Physical Test Results

Boring
No.

13
13
13
13
13
14 
14 
14 
14 
14 
14 
14 
14
14
15 
15 
15 
15 
15
15
16 
16 
16 
16 
16 
16 
16 
16 
17 
17 
17 
17 
17 
17
17
18 
18 
18 
18

Sample 
Depth, 

cm

329-
654-
979-

1304-
1604-

29- 
129- 
329- 
684-

1039-
1394-
1494-
1590-
1694-

30- 
134- 
329- 
629- 
929-

1229-
24-

124-
329-
524-
724-
924-

1029-
1129-

24-
119-
324-
613-
898-

1183-
1470-

33-
133-
333-
668-

370
698
1012
1350
1650
62
175
375
730
1085
1432
1540
1625
1730
100
160
373
•673
975
1275
51
160
375
•560
•760
•960
■1075
■1175
■75
■140
■375
■660
-942
■1230
■1492
-75
-175
■369
-695

Atterberg Limit:^, 
Percent Water

Liquid Plastic 
Limit Limit

21.0
42.0
26.0 

NP 
NP 
NP

20.0
NP

36.0
32.0
66.0
54.0 

NP 
NP

39.0
34.0
26.0
39.0 

NP 
NP 
NP

29.0
42.0
27.0
74.0
69.0
44.0 

NP
25.0
37.0
36.0
34.0 

NP 
NP 
NP

22.0
33.0 

NP
50.0

16.0
15.0
18. 0 

NP 
NP 
NP

15.0 
NP

14.0
14.0
24.0
16.0 

NP 
NP

16.0
15.0
20.0
14.0 

NP 
NP 
NP

19.0
15.0
15.0
24.0
23.0
14.0 

NP
19.0
18.0
15.0
18.0 

NP 
NP 
NP

15.0
16.0 

NP
17.0

uses
Classifi- 
cation

CL-ML
CL
CL
SP

SP-SM
ML

CL-ML
SP-SM

CL
CL
CH
CH
SP

SP-SM
CL
CL

CL-ML
CL
SM

SP-SM
SM
CL
CL
CL
CH
CH
CL

SP-SM
CL-1[L

CL
CL
CL
SM

SP-SM
SP-SM

CL
CL
SM
CL

Water
Content,

%

19.4

15.2

20.5

15.9

18.8

33.9

15.5
16.9

16.4

16.0
9.3

19.5

Density,
g/cc

1.73

1.54
1.69

1.79

1.56

1.68
1.76

1.75

1.58

1.41

1.76

1.94
1.75

1.42

1.76 
1.81

1.70

Permeability, 
cm/sec

2.2 X 10
1.0 X 10

-3
-5

3.3 X 10-9

9.4 X 10 
4.9 X 10

-4I

1.3 X 10-3

1.5 X 10-2

5.8 X 10-S

8.0 X 10-3

4.6 X 10-9

(Continued)
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Table 4. Physical Test Results

Boring
No.

18
18
18
18
]9
19
19
19
19
19
19
19
20 
20 
20 
20 
20 
20 
20 
20 
21 
21 
21 
21 
21 
21 
21 
22 
22 
22 
22 
22 
22 
22 
22 
23 
23 
23 
23

Sample 
Dep .-h, 

cm

1003-
1333-
1488-
1678

33
128
328-
678-

1028-
1383-
1533-
1670-

33-
128-
333-
668-
998-

1333-
1488-
1630-

33-
128-
324-
633-
943-

1248-
1540-

28-
128-
328-
613-
898-

1133-
1333-
1585-

28-
120-
328-
683-

1045
1354
1530
1711
75
155
368
702
1060
1425
1575
1690
75
145
363
710
1020
1375
1530
1670
60
160
350
675
985
1290
1590
75
170
373
•660
945
1230
■1380
•1596
75

•131
■358
-725

Atterberg Limits, 
Percent Water

Liquid Plastic 
Limit Limit

44.0
69.0 

NP 
NP

29.0
29.0
35.0
33.0
27.0
32.0 

NP 
NP

27.0
34.0 

NP
41.0
23.0
54.0
45.0
24.0
38.0
36.0
26.0
37.0
29.0 

NP 
NP

30.0
50.0
24.0
30.0
30.0 

NP 
NP 
NP

33.0
31.0
24.0
36.0

15.0
20.0 

NP 
NP

15.0
15.0
14.0
15.0
16.0
15.0 

NP 
NP

18.0
17.0 

NP
13.0
17.0
25.0
20.0
14.0
16.0
16.0
18.0
13.0
17.0 

NP 
NT

17.0
14.0
13.0
15.0
16.0 

NP 
NP 
NP

20.0
17.0
17.0
15.0

usesClassif i- 
cation

CL
CH
SP
SM
CL
CL
CL
CL
CL
CL
SM
SP
CL
CL
SM
CL

CL-ML
CH
CL
CL
CL
CL
CL
CL
CL
SM

SP-SM
CL
CL
CL
CL
CL

SP-SM
SP
SP
CL
CL

CL-ML
CL

Water 
Content, 

%

2.6

12.6

8.3
20.1

12.4

28.6

51.3
14.8

14.5

12.0
6.3

11.7

Density,
g/cc

1.63

1.77

1.81
1.64

Permeability,
cra/sec

1.89

1.48

1.32
1.80

1.54

1.S9
1.89

1.61

1.0 X 10-2

1.2 X 10-6

1.2 X 10-6

2.2 X 10-8

4.7.x 10-6

4.7 X 10-6

2.2 X 10-5

1.5 X 10-5

1.2 X 10-3

5.8
16.8

1.86
1.80

(Continued)
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Table . Physical Test Results

oring
\'o.

23
23
23 
2 A
24 
24 
24 
24 
24
24
25 
25 
25 
25 
25 
25
25
26 
26 
26 
26 
26 
26 
26 
27 
27 
27 
27 
27 
27
27
28 
28 
28 
28 
28 
28 
29 
29

Sample
Depth,

cm

1038-
1393-
1680-

28-
125-
328-
713-

1098-
1483-
1770-

28-
]28-
328-
690-

1068-
1428-
1730-

28-
124-
324-
663-
994-

1333-
1620-

25-
128-
324-
709-

1098-
1479-
1779-

28-
128-
328-
744-

1124-
1584-

24-
128-

•1085
1440
•1700
•65
•165
•360
•760
•1145
•1530
1823
75
175
365
•716
•1115
1475
•1780
•75
•167
•355
710
•1017
•1380
1658
•75
175
375
•760
1145
1530
•1819
•57
•175
•375
795
•1144
•1605
■61
•175

Atterberg Limits, 
Percent Water

Liquid Plastic 
Limit Limit

NP
NP
NP

26.0
28.0

NP
46.0
34.0 

NP 
NP

19.0
30.0
58.0
30.0
30.0 

NP 
NP 
NP

41.0 
NP

47.0 
NP 
NP 
NP

25.0
24.0
34.0
43.0
48.0
32.0
21.0
40.0
17.0
60.0
26.0
65.0
40.0
24.0
31.0

NP
NP
NP

19.0
16.0 

NP
15.0
15.0 

NP 
NP

14.0
13.0
18.0 
22.0 
16.0

NP
NP
NP

15.0 
NP

16.0 
NP 
NP 
NP

16.0
16.0
13.0
16.0
19.0
17.0
13.0
16.0
15.0
19.0
16.0 
22.0
24.0
15.0 
15.0

uses
Classif i- 
cation

SP-SM
SP

SP-SM
CL
CL
SM
CL
CL
SM

SP-SM
CL-ML

CL
CH
CL
CL
SM
SP
ML
CL
SM
CL
SM
SP
SM
CL
CL
CL
CL
CL
CL
CL
CL
SM
CH
CL
CH
CL
CL
CL

Water
Content,

%

13.1
12.5

12.9

17.5

18.6 
17.6 
12.5

13.9

18.4
17.8

2.9

10.1

16.5

25.1

20.2

24.6 
16.2

23.7 
18.6 
17.0

Density,
r/cc

1.53
1.66

1.65

1.81

1.73 
1.68 ' 
1.89

1.58

1.32
1.73
1.54

1.61

1.73

1.60

1.66

1.56
1.60

1.56
1.60
1.64

Permeability, 
cm/sec

1.9 X lO”!* 
4.2 X 10 ^

8.2 X 10 -6

5.9 X 10 
7.1 X 10

-4
-5

8.3 X 10-3

1.0 X 10-6

6.8 X 10-4

1.1 X 10-5

5.9 X 10-6

1.6 X 10
4.0 X 10

-9
-7

1.4 X 10-6

(Continued)
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Table 4- Physical Test Results

Boring
No.

Sample
Depth,

cm

Atterberg Limits, 
Percent Water

usesClassifi
cation

Water 
Content,

%
Density,

g/cc
Permeability 

cm/sec
Liquid
Limit

Plastic
Limit

29 328-348 41.0 14.0 CL
29 81S-S&5 38.0 16.0 CL 20.0 1.46 1.2 X 10
29 1304-1322 NP NP SM
30 63-85 NP NP SM
30 143-184 26.0 10.0 CL
30 400-450 NP NP ML
30 713-753 51.0 14.0 CH 18.6 1.74 _7
30 1093-1135 27.0 20.0 CL-ML 24.1 1.57 1.9 X 10 '
30 1465-1510 NP NP SP-SM 1.56 1.7 X 10~
30 1755-1797 NP NP SM —8
31 20-47 61.0 22.0 CH 29.2 1.47 2.1 X 10 °
31 108-150 NP NT? ML 29.9 1.48 2.8 X lO"
31 408-450 33.00 CL 32.1 1.41
32 33-70 24.0 17.0 CL-HL 19.7 1.59 -ft
32 128-155 32.0 16.0 CL 17.5 1.69 2.4 X 10
32 329-375 29.0 20.0 CL
32 574-620 54.0 18.0 CH
32 815-835 32.0 19.0 CL -4
32 1060-1120 NP NP SP-SM 20.4 1.49 5.0 X 10
32 1368-1410 NP NP SM
33 25-45 38.0 15.0 CL -ft
33 128-175 28.0 12.0 CL 15.3 1.79 7.8 X 10 °
33 328-375 NP NP SM 1.73 3.8 X 10
33 628-675 NP NP SP-SM
34 28-65 31.0 13.0 CL
34 128-175 34.0 14.0 CL
34 328-375 NP NP SM -ft
34 525-558 47.0 16.0 CL 19.9 1.70 9.7 X 10
34 718-762 47.0 16.0 CL
34 913-944 58.0 26.0 CH
34 1013-1060 34.0 14.0 CL -6
34 1113-1160 NP NP SP-SM 1.73 3.5 X 10
34 1200-1226 NP NP SP-SM 17.2 1.69
35 23-76 24.0 18.0 CL-ML
35 123-160 38.0 16.0 CL —ft
35 323-375 39.0 14.0 CL 16.4 1.73 2.3 X 10 °
35 553-593 53.0 16.0 CH
35 783-822 50.0 22.0 CH _ c
35 1013-1065 NP NP ML 18.2 1.62 4.1 X 10
35 1310-1344 NP NP SP

(Continued)
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Table U. Physical Test Results

Coring
No.

36
36
36
36
36
36
36
36
37 
3/
37
37
37
37
37
38 
38 
38 
38 
38 
38
38
39 
39 
39 
39 
39 
39 
39
39
40 
40 
40 
40 
40 
40
40
41 
41

Sample
Depth,

cm

28-
134- 
335- 
563- 
79S-

1030-
1133-
1330-

28-
128-
328-
568-
808-

10A8-
1340-

28-
128-
323-
528-
723-
923-

1220-
28-

135- 
328- 
588- 
848-

1103-
1258-
1478-

28-
128-
328-
628-
930-

1235-
1535-

30-
138-

65
149
350
590
S25
1050
1180
1358
93
163 
370 
615 
840 
1090 
1385 
47
164 
353 
575 
775 
975 
1265 
86 
168 
373 
635 
895 
1155 
1305 
1515 
54 
160 
375 
675 
■945 
•1290 
1590 

•75 
■175

Atterbei-g Limits, 
Percent Water

Liquid Plastic 
Limit Limit

25.0
30.0
26.0
42.0
53.0 

NP
24.0 

NP
33.0
33.0
28.0
23.0
65.0 

NP 
NP

34.0
33.0
27.0
45.0 

NP 
NP 
NP

29.0 
NP 
NP

38.0
38.0
65.0
53.0 

NP 
NP

34.0
21.0
52.0 

NP 
NP 
NP

37.0
36.0

18.0
19.0
16.0
13.0
20.0 

NP
21.0

NP
15.0
14.0
13.0
16.0
25.0 

NP 
NP

16.0
15.0
16.0
16.0

NP
NP
NP

17.0 
NP 
NP

12.0
15.0
24.0
18.0 

NP 
NP

16.0
15.0
15.0

NP
NP
NP

15.0
16.0

usesClass if i- 
cation

CL-ML
CL
CL
CL
CH
SM
ML
SP
CL
CL
CL

CL-ML
CH

SP-SM
SP
CL
CL
CL
CL
MI

SP-SM
SM
CL
ML
SM
CL
CL
CH
CH
SP
ML
CL

CL-ML
CH
ML

SP-SM
SM
CL
CL

Water
Content,

%

9.1

17.2

17.0
15.1

15.2

15.2

13.1

17.0

Density,
g/cc

Permeability,
cm/sec

1.89

1.56

1.68
1.59

1.79
1.66
1.40

1.71

1.81

1.42
1.71

1.70

1.50

9.1 X 10-9

9.4 X 10-3

8.8 X 10
4.6 X 10

-10
-4

1.5 X 10-8

5.0 X 10-5

1.2 X 10-6

8.8 X 10-5

1.6 X 10-6

4.4 X 10-4

(Continued)
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Table li-. Physical Test Results

ioring
No.

41
41
41
41
41
42 
42 
42 
42 
42 
42 
42 
42
42
43 
43 
43 
43 
43 
43
43
44 
44 
44 
44 
44 
44
44
45 
45 
45 
45 
45 
45 
45
45 
4b
46 
46

Sample
Depth,

cm

323-
573-
818-

1055-
1355-

20-
123-
328-
613-
898-

1183-
1283-
1383-
1495-

0-
128-
328-
553-
765-

1003-
1303-

23-
135-
328-
458-
583-
713-

1018-
25-

123-
328-
448-
603-
748-

1043-
1348-

28-
128-
323-

375
620
865
1110
1410
55
180
375
648
926
1220
1330
1415
1535
36
160
•375
600
795
1050

■1350
•43
197
•375
■505
■635
•765
-1065
■85
■157
■365
-487
-653
-775
-1075
-1395
-75
-175
-353

Atterberg Limits, 
Percent Water

Liquid Plastic 
Limit Limit

NP
47.0 

NP 
NP • 
NP

25.0
31.0
35.0
33.0
50.0
83.0
67.0 

NP
27.0
24.0
50.0
53.0
77.0 

NP
30.0
50.0
38.0
22.0 

NP
55.0
50.0
51.0 

NP
40.0
57.0
76.0
58.0
54.0 

NP
24.0
38.0
30.0
23.0
34.0

NP
15.0 

NP 
NP 
NP

17.0
16.0
13.0
12.0 
16.0 
21.0 
26.0

NP
13.0
16.0
14.0
30.0
31.0 

NP
28.0
27.0
15.0
18.0 

NP
28.0
23.0
21.0 

NP
17.0
24.0
36.0
26.0
35.0 

NP
17.0
24.0
16.0 
17.0 
17.0

usesClassif i- 
cation

SP
CL

SP-SM
SP

SP-SM
CL
CL
CL
CL
CH
CH
CH
SM
CL
CL
CH
MH
CH
SM
ML
CL
CL

CL-ML
SM
CH
CL
CH
Itt.
CL
CH
MH
CH
MH
ML

CL-ML
CL
CL

CL-ML
CL

Water
Content,

%

22.9

34.2

21.8

22.9
32.7

21.7
15.7

23.5
21.8
39.9

33.8

12.8
15.2

Density, 
g/cc

1.65
1.67
1.54

1.42

1.58

1.47
1.36

1.63
1.87

1.46
1.58
1.26

1.24

1.91
1.70

Permeability, 
cm/sec___

3.6 X 10
5.6 X 10

-4
-3

2.1 X 10-9

1.6 X 10-7

6.4 X 10
2.0 X 10

-5
-7

7.7 X 10-7

1.7 X 10 
3.5 X 10

-5
-8

2.4 X 10-5

1.2 X 10-5

(Continued)
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Table h- Physical Tet 5 Results

Atterberg Limits,
Percent Water

Sample WaterU O
5oring Depth, Liquid Plastic Class ifi- Content, Density, Permeability
No. cm Limit Limit cation % g/cc cm/sec

46 523-575 55.0 21.0 CH
46 728-773 61.0 29.0 CH -446 920-945 53.0 32.0 ffli 34.0 1.25 1.3 X 10
46 ]228-1275 49.0 32.0 irL
47 28-55 NP NP SM 17.0 1.69
47 120-155 NP NP SM
47 215-250 NP NP SP-SM _747 528-575 60.0 28.0 CH 40.4 1.22 2.5 X 10
47 823-851 36.0 22.0 CL 28.7 1.43
48 28-75 NP NP SP
48 128-175 46.0 14.0 CL
48 328-375 37.0 16.0 CL 18.9 1.74
48 428-460 38.0 14.0 CL
48 528-567 70.0 23.0 CH 1.2 X lO"^48 620-685 54.0 21.0 CH 25.1 1.60
48
48

778-825
980-1020

NP
NP

NP
NP

SM
SP 15.3 1.65 4.6 X lO"^

49 28-75 NP NP SP - s49 123-153 NP NP ML 25.6 1.43 3.2 X 10
49 330-375 NP NP SP
49 428-475 NP NP SP-SM 4.5 1.58
49
49

530-575
628-675

NP
NP

NP
NP

SP
SP-SM 19.3 1.49 7.3 X 10“^

49 915-945 NP NP SP
50 28-70 28.0 21.0 CL-ML
50 128-170 29.0 20.0 CL 24.2 1.51 1.7 X 10
50 228-250 NP NP ML
50 328-370 NP NP ML 22.7 1.56
50 428-465 NP NP ML 6.9 X lO"^
50 728-775 NP NP ML 20.3 1.54
51 20-75 NP NP SM -451 123-175 NP NP ML 15.1 1.49 5.1 X 10
51 323-375 NP NP ML
51 438-490 NP NP SP
51 553-605 NP NP SP
51 665-720 NP NP SP 19.7 1.61 7.3 X 10
51 965-1025 NP NP SP
52 28-60 39.0 18.0 CL
52 123-165 31.0 21.0 CL

(Continued)
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Table h. Physical Test Results

ioring
No.

52
52
52
52
52
53 
53 
53 
53 
53 
53 
53
53
54 
54 
54 
54 
54 
54
54
55 
55 
55 
55 
55 
55
55
56 
56 
56 
56 
56 
56
56
57 
57 
57 
57 
57

Sample 
Dep Ch, 

cm
328-
433
543-
653-
953-

23-
128-
228-
328-
428-
528-
628-
928-

28-
128-
328-
518-
708-
893-

1198-
28-

128-
328-
503-
678-
853-

1145-
28-

115-
320-
488'
649
815-

1115-
23

128
328
468
608

360
460
595
705
1005
48
175
270
370
475
575
675
950
55
175
375
565
755
945
1245
70
175
■369
■550
■720
■890
■1200
■75
■150
•359
■535
-689
■880
•1170
■65
-165
-375
-510
-640

Atterberg Limits, 
Percent Water

Liquid Plastic 
Limit Limit

57.0 
NP

40.0 
NP 
NP

28.0 
28.0 
60.0 
80.0
72.0
53.0
58.0 

NP
28.0
34.0
28.0
36.0
25.0
30.0
26.0
31.0
35.0
26.0
43.0 

NP 
NP

29.0
30.0
32.0
25.0
32.0
43.0 

NP 
NP

27.0
31.0
29.0
39.0
29.0

23.0 
NP

17.0 
NP 
NP

18.0 
18.0 
20.0
30.0
23.0
19.0
22.0 

NP
18.0
17.0
14.0
15.0
17.0
17.0
15.0
18.0
17.0
12.0
13.0 

NP 
NP

14.0
18.0
17.0
16.0
15.0
14.0 

NP 
NP

19.0
17.0
13.0
13.0
14.0

usesClassifi-
cation

CH 
ML 
CL 
ML 
SI I 
CL 
CL 
CH 
CH 
CH 
CH 
CH 
ML 
CL 
CL 
CL 
CL 
CL 
CL 
CL 
CL 
CL 
CL 
CL 
SH

SP-SM
CL
CL
CL
CL
CL
CL
SM

SP-SM
CL
CL
CL
CL
CL

(Continued)

VJater
Content, Density,

%

33.4

23.9

41.2 

30.5

13.2 

16.7

23.2

7.9

25.9

13.0
9.8

26.4

15.3

14.3

g/cc

1.41

1.42

1.21

1.45

1.86

1.65

1.62

1.84

1.57

1.73
1.70

1.50

1.77

1.88

WQRKnm

Permeability, 
cm/sec

3.4 X 10-8

2.0 X 2.0-5

1.6 X 10-8

1.1 X 10-7

1.6 X 10-7

4.1 X 10-6

6.0 X 10
-8

3.9 X 10-4

-78.3 X 10

3.1 X 10.^

9.4 X 10-7
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Table U. Physical Test Results

Boring
No.

57
57
58 
53 
58 
58 
58 
53 
58
58
59 
59 
59 
59 
59 
59 
59
59
60 
60 
60 
60 
60 
60 
61 
61 
61 
61 
61 
61 
61 
61 
62 
62 
62 
62 
62 
63 
63

Sample
Depth,

cm

740-
1040-

28-
12S-
325-
455-
582-
709-
836-
963-

28-
128-
328-
488-
648-
808-
958-

1103-
28-

128-
228-
320-
420-
720-

28-
128-
328-
603-
878-

1153-
1303-
1595-

20-
228-
328-
468-
728-

28-
128-

•795
•1095
•75
■175
360
492
609

•746
878
1010
75
175
375
525
695
840
1000
1145
75
170
275
355
475
772
70
170
375
645
925
1200
1350
1645
51
275
375
515
775
75
170

Atterberg Limits, 
Percent Water

Liquid Plastic 
Limit Limit

NP
NP

30.0
30.0
32.0
51.0
49.0
51.0
49.0 

NP
22.0
87.0 

NP
53.0
57.0
69.0
38.0 

NP 
NP

33.0
30.0 

NP 
NP

31.0 
NP

24.0
21.0
49.0
34.0
35.0
38.0 

NP
30.0
34.0
35.0
51.0
59.0
26.0
50.0

NP 
NP 

18.0 
14. 0
15.0
13.0
14.0
17.0
18.0 

NP
15.0
16.0 

NP
18.0
17.0
27.0
14.0 

NP 
NP

18.0 
16.0

NP
NP

17.0 
NP

16.0
13.0
15.0
14.0
16.0
15.0 

NP
17.0
15.0
14.0
21.0
25.0
17.0 
17.0

uses
Classifi-
cation

SM
SM
CL
CL
CL
CH
CL
CH
CL
SM

CL-ML
CH
SM
CH
CH
CH
CL

SP-SM
ML
CL
CL
SM
SM
CL

SP-SM
CL
CL
CL
CL
CL
CL

SP-SM
CL
CL
CL
CH
CH
CL
CH

Water
Content, Density, Permeability, 

g/cc cm/sec%

12.6

16.8

14.5

17.2

22.0
23.6

26.6

15.5

20.6

14.4

19.6

22.1
11.2

1.64

1.79

1.88

1.49

1.67
1.59

1.57

1.81

1.77

1.69

1.74

1.60
1.85

2.7 X 10-4

3.3 X 10-9

2.8 X 10-5

7.5 X 10

2.2 X 10

3.3 X 10

7.7 X 10

8.8 X 10' 

0.0

6.5 X 10
6.2 X 10

-7

-3

-6

-6

-7

-3
-6

(Continued)
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Table Physical Test Results

■oring
No.

63
63
63
63
64 
64 
64 
64 
64
64
65 
65 
65 
65 
65 
65 
65 
65
65
66 
66 
66 
66 
66 
66 
67 
67 
67 
67 
67
67
68 
68 
68 
68 
68 
68 
68 
68

Saipplc
Depth,

cm

225- 
325- 
450- 
623- 

28- 
120- 
220- 
328- 
428- 
678- 

28- 
128- 
328- 
478- 
6 38- 
793- 
943- 

1093- 
1233- 

0-
128-
223-
328-
428-
728-

23-
1x8-
323-
473-
6J0-
755-

28-
133-
333-
503-
673-
843-
993-

1140-

■260
•345
■520
675
70
165
275
375 
■468 
723 
75 
175
376 
515 
C85 
840 
990 
1132 
1270 
40 
160 
255 
375 
475 
775 
60 
142 
355 
515 
665 
810 
60 
■175 
375 
545 
713 
878 
1018 
1158

Atterberg Limits, 
Percent Water

Liquid Plastic 
Limit Limit

62.0
43.0
38.0
50.0
24.0
51.0
24.0
55.0
51.0
53.0
27.0
26.0
27.0
33.0
46.0
67.0
71.0
49.0 

NP
24.0
29.0
49.0
90.0
79.0
55.0
26.0
45.0
50.0
41.0
77.0
69.0
26.0
29.0
67.0
64.0
73.0
74.0
58.0
52.0

15.0
19.0
28.0 
22.0 
16.0
15.0
16.0
24.0
20.0 
20.0 
16.0
13.0
12.0
15.0
17.0
26.0 
28.0 
18.0

NP
15.0
18.0 
18.0 
28.0 
22.0 
22.0 
15.0
15.0
20.0 
16.0 
22.0 
21.0
17.0
15.0
26.0
29.0
36.0
36.0
27.0
29.0

usesClassifi-
cation

CH
CL
ML
CL
CL
CH
CL
CH
CH
CH
CL
CL
CL
CL
CL
CH
CH
CL
ML
CL
CL
CL
CH
CH
CH
CL
CL
CH
CL
CH
CH
CL
CL
CH
CH
MH
MH
CH
MH

Water
Content,

%

22.3
30.9

24.2
42.2

19.1

14.8

22.5

41.9

17.7

25.9

30.0
34.7

32.2

Density,
g/cc

1.58
1.42

1.57
1.20

1.60

1.60

1.38

1.18

1.67

1.57

1.35
1.31

1.32

Permeability,
cm/sec

9.0 X 10
1.0 X 10

-3
-5

2.0 X 10 
2.3 X 10

-7
-8

5.2 X 10-6

2.8 X 10-6

1.3 X 10-9

1.2 X 10-7

5.2 X 10-7

1.2 X 10-5

9.8 X 10 -7

(Continued)
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Tab3o U . Physical Test Results

Borin"
No.

69
69
69
69
69
69
69
70 
70 
70 
70 
70 
70
70
71 
71 
71 
71 
71 
71 
71 
71 
71
71
72 
72 
72 
72 
72 
72
72
73 
73 
73 
73 
73 
73
73
74 
74

(4)
(4)

Sample 
Depth, 

cm

28- 
122- 
32S- 
54S- 
768- 
988- 

1280- 
28- 

128- 
328- 
533- 
738- 
935- 

1235- 
28- 

120- 
328- 
543- 
572- 
753- 
9 73- 

1123- 
1273- 
1411- 

28- 
122- 
328- 
563- 
798- 

1033- 
1320- 

28- 
123- 
364- 
623- 
923- 

1225- 
1520- 

20- 
125-

•48
•147
•375
■595
•806
■1035
■1330
■65
•175
•368
•565
•780
974 
1285 
65 
•138 
375 
590 
580 
•805 
lOlj 
1170 
1320 
1448 
75 
145 
367 
610 
845 
1080 
1363 
75 
143 
410 
675
975 
1275 
1570 
45 
160

Atterberg Limits, 
Percent Water

Liquid Plastic 
Limit Limit

26.0
27.0 
NP

45.0
25.0
29.0 

NP
43.0
48.0 

NP
57.0
28.0 

NP 
NP

36.0 
NP 
NP

43.0 
NP

54.0
61.0 

NP
34.0 

NP
30.0
35.0
20.0
39.0
24.0 

NP 
NP

29.0
41.0 

NP
50.0 

NP
32.0 

NP
21.0 
87.0

17.0
17.0 

NP
15.0
20.0
15.0

NP
15.0
17.0 

NP
16.0
13.0 

NP 
NP

15.0 
NP 
NP

14.0 
NP

17.0
27.0 

NP
14.0 

NP
14.0
13.0
18.0
13.0
13.0 

NP 
NP

15.0
18.0 

NP
16.0

NP
18.0

NP
15.0
34.0

usesClassif i- 
catior

CL
CL
SM
CL

CL-ML
CL
SP
CL
CL
SM
CH
CL

SP-SM
SP-SM

CL
SM
SM
CL

SP-SM
CH
CH
SM
CL

SP-SM
CL
CL
ML
CL
CL
SPf
SP
CL
CL
SM
CH
SM
CL
SM

CL-ML
CH

Water
Content, Density, 

r/cc

14.1 

21.0

27.2

20.4

22.1

23.3

14.6
17.5

11.2

9.6

26.3

29.5

1.83

1.70

1.55

1.73

1.55

1.67

1.59

1.62
1.78

1.59

1.71

1.56

1.50

Permeability,
cm/sec

5.5 10

0 .0

-9

1.7 X 10-8

3.0 X 10-5

6.0 X 10-10

1.6 X 10-9

1.2 X 10-8

4.6 X 10-4

3.9 X 10-9

4.5 X 10-7

(Continued)

58
WORKING DRAFT



Tatle ^. Physical Test Results

Serins
No.

74
74
74
74
74
74
74
75 
75 
75 
75 
75
75
76 
76 
76 
76 
76
76
77 
77 
77 
77 
77
77
78 
78 
78 
78 
78 
78 
78
78
79 
79 
79 
79 
79 
79

Sample
Depth,

cm

328-
658-
988-

1318-
1468-
1618-
1918-

28-
128-
328-
679-

1028-
1378-

28-
128-
328-
628-
923-

1228-
28-

128-
328-
528-
728-
928-

28-
128-
328-
528-
728-
928-

1128-
1328-

19-
133-
233-
333-
433-
725-

360
705
1030
1365
1515
1665
1965
75
165
375
725
1075
1425
75
175
375
675
975
1275
75
175
368
575
775
975
75
175
365
575
775
975
■1170
•1375
•61
175
275
375
475
•760

Atterberg Limits, 
Percent Water

Liquid Plastic 
Limit Limit

36.0
26.0
58.0
62.0
53.0
28.0 
68.0
29.0
27.0
18.0
41.0
62.0
58.0
18.0
40.0
18.0
58.0
43.0
72.0
28.0
31.0
63.0
72.0
50.0
66.0
35.0
59.0
47.0
33.0
57.0
43.0
57.0
67.0
14.0 

NP 
NP 
NP 
NP 
NP

14.0
17.0
23.0
21.0 
24. 0
19.0
26.0
17.0
18.0 
16.0 
20.0
29.0
22.0
13.0
14.0
17.0
19.0
24.0
33.0
17.0
14.0
22.0 
28.0 
21.0
30.0
15.0
19.0
21.0 
18.0
25.0
22.0 
21.0
30.0
13.0 

NP 
NP 
NP 
NP 
NP

usesClassif i- 
cation

CL
CL
CH
CH
CH
CL
CH
CL
CL
ML
CL
CH
CH

CL-ML
CL
ML
CH
CL
CH
CL
CL
CH
CH
CH
CH
CL
CH
CL
CL
CH
CL
CH
CH
ML
SM
SM
ML
ML

SP-SM

VJater 
Content, 

%

15.6

31.5 

28.1

10.6 
13.9

36.1

35.3 
32.0
37.4

29.9
30.5
40.3
32.0

20.5

33.9

6.1

23.2

Density, Permeability,
g/cc cm/sec

1.84

1.46

1.44

1.75
1.71,

1.29

1.37
1.42
1.29

1.45
1.36
1.21
1.34

1.61

1.39

1.54

1.37

1.3 X 10-5

T.O X 10-8

7.6 X 10-5

9.0 X 10-7

1.7 X 10-8

8.1 X 10-8

2.6 X 10
7.3 X 10

-5I
-7

2.6 X 10-7

5.8 X 10-7

1.6 X 10-4

3.1 X 10-4

(Continued)



Table . Physical Test Results

Soring
No.

SO
80
80
80
80
80
81
81
81
81
81
81
82
82
82
82
82
83
83
83
83
83
83
83
84 
84 
84 
84
84
85 
85 
85 
85
85
86 
86 
86 
86 
87 
87

Sample
Depth,

C'..

28- 
128- 
228- 
328- 
428- 
5 78- 

28- 
128- 
320- 
503- 
678- 
853- 

20- 
128- 
228- 
328- 
628- 

23- 
128- 
328- 
468- 
608- 
748- 

1040- 
20- 

128- 
328- 
518- 
810- 

28- 
128- 
328- 
478- 
795- 

28- 
128- 
428- 
728- 

15- 
128-

73
175
275
375
475
625
75
160
345
550
725
887
60
175
260
375
675
75
175
375
515
655
795
1110
45
155

■375
565
•830
75

•170
■375
■515
■865
■75
■175
■470
-775
-75
-153

Atterberg Limits, 
Percent Water

Liquid Plastic 
Limit Limit

36.0
31.0
30.0
39.0
39.0
36.0
41.0
30.0
29.0
56.0
46.0
45.0
26.0 
68.0
47.0
49.0
64.0
22.0 
26.0
57.0
72.0
44.0
57.0
55.0 

NP
21.0
42.0 

NP 
NP

49.0
33.0
26.0 

NP
43.0
28.0 
36.0
36.0
77.0
32.0
59.0

15.0
16.0 
21.0
23.0
19.0
23.0
20.0
19.0
16.0 
21.0
23.0
28.0
19.0
29.0
20.0
19.0
30.0
18.0 
16.0 
22.0
25.0
18.0 
28.0 
21.0

NP
15.0
16.0 

NP 
NP

19.0
20.0 
21.0

NP
18.0
14.0
13.0
14.0
30.0
15.0
26.0

usesClassifi- 
cation

CL
CL
CL
CL
CL
CL
CL
CL
CL
CH
CL
ML

CL-ML
CH
CL
CL
CH

CL-ML
CL
CH
CH
CL
CH
CH
ML

CL-ML
CL
SM
SP
CL
CL

CL-ML
SM
CL
CL
CL
CL
CH
CL
CH

Water
Content,

%

14.5
22.8

14.5
38.5
39.5
32.6

24.0
22.2
32.8
39.2

35.7
33.2
30.2

22.3
25.8

12.0
17.5

26.1
14.7 
19.0
16.6
43.7
13.8 
25.3

Density,
g/cc

1.76
1.60

1.78
1.29
1.25‘
1.32

1.41
1.53
1.34
1.26

1.34
1.35
1.36

1.48
1.48

1.73
1.65 
1.45 
1.54 
1.69 
1.75
1.66 
1.20 
1.59 
1.43

Permeability, 
___ cm/sec

1.3 X 10
3.4 X 10

-5
-6

4.8 X 10 
2.7 X 10

-1
-7

1.7 X 10
10.0 X 10

-6
-6

6.2 X 10 
3.0 X 10

-5
-6

1.7 X 10-4

5.9 X 
7.8 X 10-7

9.5 X 
1.4 X 
1.4 X 10

,-5
-7
-4

(Continued)
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Table 4 . Physical Test Results

5or j ng 
Ko.

Sample
Depth,

cm

Atterbcrg Limits, 
Percent Water

usesClassifi
cation

Water
Content, Density,

g/cc
Permeability,

cm/sec
Liquid 
Limi t

Plas tic 
Limit

87 328-356 69.0 31.0 CH 44.1 1.22 _7
87 428-470 58.0 29.0 CH 38.1 1. 30 9.7 X 10
87 523-560 52.0 22.0 CU 32.3 1.40
87 728-760 NP NP ML 35.6 1. 32
88 28-75 31.0 13.0 CL
88 128-175 43.0 15.0 CL -6
88 360-375 56.0 20.0 CH 24.2 1.42 1.2 X 10
88 425-465 48.0 32.0 ML 19.1 1.60
88 525-550 61.0 32.0
88 828-875 50.0 39.0 MH 41.0 1.23 3.0 X 10 ^
89 28-75 NP NP ML -6
89 160-175 32.0 16.0 CL 17.0 1.67 3.5 X 10 ^
89 328-375 54.0 21.0 CH
89 428-469 54.0 29.0 CH
89 628-654 48.0 21.0 CL 28.7 1.46 T.O X 10 '
90 28-75 27.0 16.0 CL -8
90 120-150 43.0 15.0 CL 16.3 1.61 7.5 X 10
90 328-375 49.0 31.0 CL -7
90 460-475 40.0 29.0 ML 29.3 1.40 4.3 X 10
91 28-75 23.0 19.0 CL-ML -6
91 128-175 28.0 17.0 CL 17.1 1.48 1.4 X 10_l
91 335-360 NP NP SM 15.9 1.61 6.9 X 10
91 420-442 NP NP SM -6
91 528-575 51.0 17.0 CH 22.5 1.50 0.3 X 10 1
9] 828-875 42.0 20.0 CL 26.5 1.54 0.4 X 10 °
92 28-75 19.0 17.0 ML
92 128-160 24.0 17.0 CL s
92 225-247 30.0 20.0 CL -6
92 358-405 35.0 26.0 ML 26.3 1.50 3.3 X 10 °
92 628-675 50.0 25.0 CH 31.1 1.43 2.5 X 10
93 20-75 25.0 16.0 CL -7
93 128-175 48.0 19.0 CL 11.0 1.76 8.0 X 10
93 328-375 27.0 15.0 CL
93 430-465 21.0 15.0 CL-I-[L _5
93 578-620 NP NP SM 13.0 1.73 . 3.6 X 10
93 878-925 NP NP ML
94 28-60 39.0 17.0 SC -6
94 128-175 64.0 31.0 CH 33.8 1.36 2.9 X 10 °
94 223-275 73.0 31.0 CH

(Continued)
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Table 4. Physical Test Results

Borinj
No.

94
94
95 
95 
95 
95
95
96 
96 
96
96
97 
97 
97 
97 
97 
97 
97 
97
97 
9S
98 
98
98 
93
99 
'^9 
99 
99 
99 
99 
99 
99

]00
100
100
100
100
100
100

Sample
Depth,

cm

328- 
628- 

28- 
120- 
228- 
328- 
630- 

28- 
128- 
225- 
528- 

28- 
128- 
228- 
328- 
428- 
578- 
678- 
778- 

1065- 
28- 

128- 
228- 
323- 
578- 

28- 
128- 
228- 
328- 
428- 
528- 
628- 
9 20- 

20- 
120- 
225- 
310- 
4 33- 
523- 
813-

■375
667
75
127
275
375
650
75
175
275
575
75
175
275
355
475
625
703
813
1090
75
175
275
358
625
75
175
275
370
470
575
675
952
66
145
263
335
475
575
838

Atterbcrg Limits, 
Percent Water

Liquid Plastic 
Limit Limit

73.0
77.0 

NP
35.0
67.0
51.0
36.0 
KP 
NP 
NP

64.0
37.0
33.0
27.0
55.0
51.0
24.0 

NP 
NP 
NP

22.0
32.0
27.0
26.0
36.0
21.0
25.0
29.0
30.0 

NP 
NP 
NP 
NP

38.0
74.0
87.0 

NP
27.0
24.0 

NP

29.0
28.0 

NP
29.0
32.0
28.0
34.0 

NP 
NP 
NP

23.0
15.0
17.0
20.0
19.0
19.0
13.0 

NP 
NP 
NP

15.0
15.0
17.0
18.0
18.0
17.0
15.0
16.0
14.0 

NP 
NP 
NP 
NP

15.0
23.0
28.0 

NP
14.0
18.0 

NP

usesClassifi- 
cation

CH
CH
SC
ML
CH
CH
ML
SM
SM
SM
CH
CL
CL
CL
CH
CH
CL
SM
ML
SP
CL
CL
CL
SC
CL

CL-ML 
CL 
CL 
SC

SP-SM
SM
SM
SM
CL
CH
CH
ML
CL

SC-SM
SP-SM

Water
Content,

%

37.6

41.9
36.9

18.0

37.0

22.8

25.4

21.6

11.8

8.2

20.0

Density,
r/cc

1.28

1.24
1.34

1.75

1.32

Permeability,
cm/sec

1.55

1.61

1.62

1.64

1.61

1.57

2.1 X 10-6

2.1 X 10-8

3.5 X 10-5

-91.5 X 30

2.9 X ^0 ^

8.3 X 10

2.17 X 10-5

2.87 X 10-5

3.93 X 10-6

20.5 1.72 1.4S X 10-5

(Continued)
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Table 4• Physical Test Results

Boring
No.

101
101
10]
101
101
101
101
102
102
102
102
102
103
103
103
103
103
104 
104 
104 
104
104
105 
105 
L05 
105 
L05
105 
L06
106 
106 
106 
106 
106 
106 
107 
107 
107 
107

Sample
Depth,

cn

28-
118-
228-
328-
470-
620-
915-

28-
110-
323-
420-
715-

28-
128-
228-
330-
620-

28-
128-
223-
328-
620-

23-
128-
223-
323-
428-
743-

28-
123-
325-
475-
628-
725-

1028-
23-

128-
328-
493-

•75
172
•275
375
•495
675
940
•75
140
375
440
755
60
175
•260
•360
675

•75
•]58
253
•375
•650
•75
•175
•275
•375
•475
•/95
•63
•160
355

•510
•660
-750
■1075
-53
■175
■375
-540

Atterberg Limits, 
Percent Water

Liquid Plastic 
Limit Limit

33.0 
NP 
NP

27.0 
NP

24.0 
NP

37.0
44.0 

. NP
NP
NP
NP

48.0
38.0
24.0 

NP 
NP

51.0 
NP 
NP

21.0 
18.0

NP
27.0
28.0 

NP 
NP

24.0
27.0
30.0 

NP
34.0
37.0 

NP
17.0
23.0
26.0 
42.0

17.0 
NP 
NP

22.0 
NP

22.0
NP

18.0
20.0

NP
NP
NP
NP

19.0
18.0
25.0 

NP 
NP

19.0 
NP 
NP

16.0
17.0 

NP
16.0 
20.0

NP
NP

14.0
16.0 
22.0

NP
26.0
23.0 

NP
17.0
17.0
24.0
18.0

usesClassif i- 
cation

CL
ML
ML

CL-ML
SM
ML
SP
CL
CL
SM
ML
SM
ML
CL
CL
ML
SP
ML
CH
ML
SM

CL-ML
ML
SM
SC
SC

SP-SM
SP-SM

SC
SC
CL
SM
ML
CL
SM
ML

CL-ML
SM
SC

Water 
Content, 

%
Density,

g/cc

6.4 

21.6

4.5 

30.5

1.45

1.65

1.53

1.49

11.0
19.5

18.7
23.4

1.51
1.51

1.52
1.62

1.65

1.51

1.47

1.72

1.30

Permeability, 
cm/sec

1.21 X 10-4

1.00 X 10 -5

1.13 X 10-4

1.22 X 10-5

1.13 X 10 
5.31 X 10

-4
-5

4.12 X 10 
4.75 X 10

-4
-4

5.44 X 10-7

6.3/- X 10-5

5.66 X 10-4

2.26 X 10-4

2.74 X 10-5

(Continued)
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Table h. Physical Test

joring 
ilo.

Sc.mple
Depth,

cn

Atterberg Limits, 
Percent \/ater

uses
Classifi
cation

Liquid
Limix

Plastic
Limit

-07 658-701 IIP NP S:I
-07 823-870 34.0 24.0 CL
07 978-1025 NP NP SM

-07 1178-1215 I'lP NP SM
-03 0-70 20.0 17.0 ML
-08 174-198 39.0 14.0 CL
08 329-366 23.0 i4.o CL

.08 U78-5OO 38.0 14.0 CL

.08 623-664 24.0 14.0 CL
-08 733-811 36.0 13.0 CL
03 930-966 27.0 16.0 CL

.03 1079-1038 NP NP SM

.03 1223-1253 IIP N? SM

.08 1381-14ii NP NP SM

.03 1524-x539 NP NP SM

.08 1652-1695 NP NP SP
.03 1793-1344 IIP N? SP-SM
.03 19LC-1993 IIP NP SM
08 2100-2146 IIP IIP SM

.08 2280-2316 87.0 24.0 CH

.03 2429-2448 45.0 22.0 CL
L03 2551-2579 NP NP SP-Sii
-03 2700-2728 47.0 20.0 CL
10 S 2850-2896 NP NP SM
.08 .31 70-3191 HP liP SP-SM
.03 3331-3374 42.0 16.0 CL
lo8 3472-3520 44.0 16.0 CL
l08 3630-3670 60.0 23.0 CH
io3 3780-3816 75.0 30.0 CK
l03 3932-3968 44.0 18.0 CL
lC9 30-70 26.0 18.0 CL
109 162-174 25.0 17.0 CL
'09 344-369 NP NP SM
L09 631-668 48.0 15.0 CL
L09 930-948 27.0 17.0 CL
L09 1231-1268 19.0 16.0 ML
L09 1500-1545 IIP HP SM
L09 1810-1826 IIP NP SM
!09 2100-2121 4l.o 21.0 CL

Wat er 
Content, 

%____
Density,

ff/cc
Permeability, 

cm/sec

3.68 X 10-7

1.U8 1.68 X 10-6

1.69 4.65 X 10-7

(Continued)
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Table 4. Physical Test Results

Boring
Mo.

Sa-'iple
Depth,

cn

Atterberg Liraits, 
Percent VJater

uses
Classifi
cation

V/ate" 
Content,

%
Density,

g/cc
Liquid
Limit

Plastic
Limit

109 2722-27lf3 50.2 24.4 CH
109 2999-3005 36.0 26.0 ML
109 3612-3636 lf3.Q 36.0 ML
109 h?21-l267 71.0 30.0 CH 1.25
110 21-70 4U.0 19.0 CL
110 171-198 35.0 14.0 CL 1.77
110 320-366 23.0 17.0 CL-ML
liO 622-658 35.0 13.0 CL
110 920-957 KP KP SM
110 1231-1268 NP NP ML
110 1521-1567 KP NP SM ■ 1.70
110 1829-1865 NP N? SM
110 2121-2152 20.0 10.0 CL
110 2lf29-2li63 NP NP SM
110 2880-2908 61.0 30.0 CH 1.37
110 30l8-30!f5 Ifl.O 25.0 CL
111 21-70 36.0 16.0 CL
111 171-189 IfO.O 18.0 CL
111 320-35^ 39.0 l4.0 CL
111 622-6U9 70.0 19.0 CH 1.48
ill 920-957 22.0 19.0 ML
111 1231-1262 N? NP SM
111 1521-1576 NP NP SM 1.51
111 1820-1856 NP NP SP-SM
111 2121-2167 IIP NP ML
ni 2>t20-2l35 NP NP SM
111 2rr^i-2822 60 0 30.0 CH
ill 3020-3060 50.0 18.0 CH
111 3322-33U7 46.0 31.0 ML
111 3609-3613 40.0 23.0 CL
111 3923-3972 43.0 19.0 CL
111 If221-U26)f 31.0 23.0 ML
111 If833-Ii868 38.0 27.0 ML
ill 512l;-5172 85.0 35.0 CH

Permea'bility, 
cm/sec___

U.9T X 10
2.01 X 10“^

-If5.89 X 10

6.07 X 10

2.12 X 10-8

5.93 X 10-If

1.0339 X 10-7

.IfSl X 10-6
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Table 5

Water Table Elevations

oring V/ater Table Elevation, cms
No. 2k Jun - 29 Jul 1977 2 - 4 Aug 1977

1 6097 6133
2 No Piezorricter
3 6098 6090
1* 6116 6103
5 6074 6027
6 6^31 6366
T 60U7 6118
8 6020 6012
9 6035 6018

10 6107 6102
11 6052 601+5
12 6052 6055
13 6107 6100
14 6202 6118
15 6111 6105
16 * 6107
IT 6116 6095
18 6IOU 6096
19 6121 6106
20 6120 6109
21 6113 6105
22 6o4H 6106
23 603U 6ol+2
2h 6051 6052
25 601^1 601+3
26 6035 6025
27 6075 601+3
23 6951+ 6892
29 7017 7015
30 6131 6127
31 5928 5933
32 6098 6091
33 6080 6071
3U 6085 6036
35 6112 6101+
36 606U 6058
37 6170 6168
33 61U2 6131*
39 6636 6735
UO 6llt5 611+8
hi 6139 6133
h2 622li 6138

Vto Data
(Continued)
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Table 5

Water Table Elevations

sring Water Table Elevation, cr.s
No. 24 Jun - 29 Jul 19 r 7 2-4 Auh 1977

43 7582 7574
44 7568 7564
45 8016 8033
46 8146 8l4l
4t 7566 7838
48 6123 6103
49 6037 6003
50 6066 6051
51 6053 6015
52 6076 6007
53 7853 7792
54 6057 6051
55 6106 60l4
56 6026 60l3
57 6133 6125
58 6161 6149
59 6183 6173
60 6254 6232
6l 6180 6176
62 7813 7799
63 7464 7480
64 7310 7312
65 6913 7014
66 8021 8018
6t 8288 8282
68 8435 8433
69 6185 6183
TO 6115 6112
71 6117
72 6112 6109
73 6181 6179
74 6643 6731
75 7156 7152
76 7276 7273
77 7445 7443
78 8038 7935
79 6057 6068
80 7484 7490
81 7394 T4o8
82 7987 7986

No Data
(Continued)
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Table 5
Water Tabic Elevations

Boring
Mo.

83
Hk
85
86 
87 
68
89
90
91
92
93
94
95
96
97
98
99 

100 
101 
102 
103 
10 4
105
106
107

Mo Data

Water Table Elevation, cns
24 Jun - 29 Jul 197T 2- - 4 Aug 1977

8308 8308
9095 9105
8886 9223
9029 9623
9524 9519
9031 9030
8072 8065
8764 8747
9062 9062
7976 7978
7598 7596
7116 7108
7415 7514
6389 6389
6086 6082
6297 6298

* 6093
6035 6036
6029 5787
5995 5979
5992 5981
5984 5972
7621 7620
7639 7637
7636 7635

68
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APPENDIX A
WELL INSTALLATION AND WATER LEVEL DATA

One hundred and six of the PBA borings were developed as groundwater 
monitoring wells. The data applicable to each well and the groundwater 
measurements made during the study are presented in the following tabulation. 
Keys to the computer-retrieved data are;

ENTPY EXPLANATION

BOREHOLE NO 

FD INT MEAS

FD INT VALUE CM

WEOOl

STKUP

67.00
FD INT DEPTH CM

FD INT THICK CM

SFILT

SCREN
GROUT

WELL NO
GW STAB DEPTH CM 

GW STAB DATE 

08/03/1977

Boring Num.ber
Field Drilling File, Interval 
Measured
F^ield grilling File, Interval 
Value, centimeters
Waterways Experiment Station 
Boring 001
Stick Up, PVC pipe above ground 
level
Measured Value
Eield DiilJ-ing File, Interval 
Depth, centimeters
Eield Drilling File, Interval 
Thickness, centimeters
Eand Filter, sand em.placed around 
well screen
Screen, slotted PVC pipe
Grout, water-cement-bentonite 
mixture placed from the top of the 
sand filter to the ground surface
Groundwater monitoring well number
Eroundj^ater Stabilized Depth, 
centimeters
groundwater Stabilized Date; day 
the measurement was made
Date (month, day, >ear)

A-1
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bof;;?: hole: no FD INT MEAS FD INT MAUJE Cl
>K;ii ;i;
■M WtEOOl STKUP 67,00

HE003 STKLJP 30,00
>{? WE004 STKIJP 30.00

i«:oo5 STKUP 100.00
>!< WE006 STKUP 100.00
;{! WE007 STKUP 100.00
>?; • WE008 STKUP ,150.00
>!< WE009 STKUP 100.00

WEOlO STKUP 90.00
WEOll STKUP 155.00
I'JEOl:;.* STKUP 150.00
HE013 'STKUP 100.00
WE014 STKUP 100.00

5!< WE015 STKUP 100,00
WE016 STKUP 100.00
WE03.7 STKUP 100,00
WEOIS S'lKUP 91,00
WE019 STKUP 95.00
WE020 STKUP 100,00'
WE021 STKUP 100.00
WE022 STKUP 100,00

'{i WE023 STKUP 105.00
A< WE024 STKUP 100.00
iK WE025 STKUP 100.00
>!< WE026 STKUP 100,00
'1' WE027 STKUP- 100.00
>!c. WE028 STKUP 100.00
>K WE029 STKUP 100.00

WE030 STKUP 100.00
;{f WE031 STKUP 100.00
>:< WE032 STKUP 100.00

IJE033 STKUP 100.00
>!< WE034 STKUP 100,00

WE0S5 . STKUP . 100.00
WE036 STKUP 100.00

;K WE037 STKUP 100.00
>K WE033 STKUP 100.00
■4( WE03? STKUP 100.00
>!< WE040 STKUP 100.00
>;< WE041 STKUP 100.00

WE042 STKUP 100.00
j;< WE043 STKUP 100,00
•-{i WE044 STKUP 100.00
>!: WE045 STKUP 100,00
>K WE046 STKUP 100.00
iK WE047 . STKUP 100.00

WE048 STKUP 100.00
WE049 STKUP 100,00

Jff WEO?C STKUP 100.00 _
« WE051 STKUP 100.00
?{C WE0S2 STKUP 100.00

WE053 . STKUP 100.00
•^< 1-JE054 STKUP 100.00

A-2 W0RK3NG DRAFT



L

BORE HOLE NO FD INT MEAS FD INT VALUE CM
;■!; ■ W 1:05 5 STKUP 100,00

STKUP 100,00
n' l..'E057 8TKUP 100,00
)K WE053 STKUP 100.00
>i< WE059 STKUP 100,00

WE060 STKUP 100,00
WL-;061 STKUP 100,00

M? WE062 STKUP 100.00 -
t WE0<>3 STKUP 85.00

WE064 STKUP 100.00
>;< WE065 STKUP 100,00
;;< ^^iE066 . STKUP 100,00

WE067 •STKUP 100.00
>{C U1EO6S STKUP 100,00

WE06? ; STKUP 100.00
WE070 STKUP 100.00

si< WE071 STKUP 100,00
WE072 STKUP 82.00

>lc WE 07 3 STKUP 100,00
5K WE07-1 STKUP 100.00
5K WE075 STKUP 100.00
i{i WE076 STKUP 100.00
XJ WE077 STKUP 100.00
Jif WE078 STKUP 100.00
'I' WE079 STKUP 100,00
X< WE080 STKUP 100.00
>i< WE081 STKUP 100.00
;{< WE082 STKUP 100.00

WE083 STKUP 100,00
i{< WE084 STKUP 100.00
>K- WE085 STKUP 100.00
5{C WE 036 STKUP 100.00
X< WE037 STKUP 100.00

WE0S8 STKUP 100.00
w WE039 STKUP 100.00
>i< WE 090 STKUP 100.00
;:< WE 091 STKUP . 100,00

WE092 STKUP 100.00
•.»/'fk WE093 STKUP 100.00
•i: WE094 . . STKUP 100.00
:ii WE095 STKUP 100.00
a WE096 STKUP 150.00
;!( WE097 STKUP 100.00

WE 09 8 STKUP 100.00
X: WE099 STKUP 100.00
X? WE 100 STKUP 100,00

WEiOl STKUP 100,00
Hi WE102 STKUP 100.00
ii< WE 103 STKUP 100.00
;k WE 104 STKUP 150,00

WE 105 STKUP 100.00
UE1C6 STKUP 100.00

:H UE1C7 STKUP 100.00
A-3



PGRF hole; no FD INT HFhS rri INT DEPTH CM FD INI THICK CM

;k
5f{

$
:|<
;{<

'*<
J}:
:{<

M

>i<

>!<
>1?

>{«

H<
>!<
Ji<

vif

$
>!^
t
)K
5i'<

>K

■iT.
;{<
5|J

>!<
)!<
5|«

iK
J{{
i{c
i{<
3{<

>!?

Ai

>!<
J!?

WHO 01 
W£i;003 
WE004 
WE005 
WE006 
uif-:oo7 
we:oos
WE009 
WEOlO 
WEOl 1 
WE012 
yE013 
WEOl 4 
UE015 
WEOl 6 
WEOl 7 
WEOl 8 
WEOl 9 
WE020 
WE 021 
WE022 
WE023 
WE024 
WE025 
WE02-6 
WE027 
WE023 
WE029 
WE030 
WE031 
WE032 
WE033 
WE034 
WE035 
.WE038 
WE037 
WE030 
WE039 
WE040 
WE041 
WE042 
WE043 
WE 04 4 
WE045 
WE046 
WE047 
WE048 
WE049 
WE 050 
WE051 
WE052 
WE053 
WE0S4

SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT

•SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT

.SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT
SFILT

1004
1160
1065

40
150
900
300
475

1050
250

1050
1125
915

1050
800

1000
1050
1200
1150
1050
1100
1200
1300
1250
1150
850
900
825
914
100
610
200
725
840
975
609
675
950

1050
850
950
775
600
450
750
’ISO
550
525
300
550
425
450
750

299
1390
800
460
405
825
500
532
555
634 
588 
645 
915 
596 
520
635 
748 
590 
530 
550 
612. 
476^ 
628 
435 
628 
969

. 707 
497

1012
366
863
475
584
600
505

1077
635
592
718
560
600
575
465
950
525
392
605
431
475
415
580
520
495
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BORE HOLE NO FD INI MEAS FD INT DEPTH CM FD INT THICK CM

iK

Jic
>{;

5i<

>ic
>!<
5K
t
Tii
>K

Ai

Ai

>!<
>!<

>;<
'i'

$

Ai
A<
>!<
t

'I*

5!<

;■:<

!K

Ai

;k
AS

UIE055 
wi;:o56 
WE057 
WE058 
WE 059 
WE060 
WE061 
WE0.62 
UE063 
WE0A4 
WE065 
WE 066 
WE067 
WE06S 
WE069 
WE 070 
WE071 
WE 07 2 
WE073 
WE074 
WE075 
WE 076 
WE077 
WE078 
WE 07 9 
WEOSO 
WE081 
WE082 
WE083 
WE0S4 
WE084 
WE085 
WE0S6 
WE0S7 
WE03S 
WE089 
WE090 
WE091 
WE092 
WE093 
WE 094 
WE095 
WE096 
WE097 
WE098 
WE099 
WE 100 
WEI 01 
WE 102 
WE 103 
WE 104 
WE 105 
WE 106 
WE 107

SF-t[..T
Sr j;lt
SF'LT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT

•SPILT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT-
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT
SPILT

700
625
625
600
650
200

1100
150
175
300
650
300
325
300
875
825
875
925

1100
1250
1000
400
550
900
250
250
425
200
550
215
150
350
200
300
500
250
275
350
250
475
250
275
150
600
225
400
450
350
300
300
225
325
600
700

500
545
470
42S
505
572 
550 
655 
500 
423 
620 
475 
4S5 
858 
455 
540
573 
550 
520 
715 
425 
875 
425' 
475 
525 
405 
475 
475 
565 
615

65
520
575
475
375
404
434
525
425
450
425
.381
425
550
395
552
388
590
455
400
450
470
475
515
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•;< BDRi;:; hole HO f-D I Ml' HE AO f"D I NT DEPTH CM FD I NT THICK CM

*

x;
>i<

>/;

;■{<

.Si

;{i
Ji:

>!<
5|;
■■;<

:K

>!<
*

>!<

WEOO:l
WE003
WE0G4
UEOOO
l\IEOO(0
Wl007
WEOOO
WE009

>X. WEOlO
WEOll
WE012
WE0J.3
WEOJ.A
WE015
WE016
WE017
WE018
WEC19
WE020
WEC-21
WE022
WE023
WE024
WE025
WE026
wE027
WE02S
WE02?
WE030
WE031
WE032
WE033

SCi":EH 
SCF^EN 
SCREN 
SCREN 
SCREN 
SCREN 
SCREN 
SCREN 
SCREN 

.SCREN 
■SCREN 
SCREN 
SCREN 
SCREN 
SCREN 
SCREN 
SCREN 
SCREN 
SCREN 
SCREN 
SCREN 
SCREN 
SCREN 
SCREN 
SCREN 
SCREN 
SCREN 
SCREN 
SCREN 
SCREN 
SCREN 
SCREN

1155 
1350 
1280 

60 
2S0 

1350 
A2A 
625 

1250 
. 405 
12:10 
1275 
1365 
1200 
900 

1155 
1325 
1350 
1305 
1200 
1250 
1345 
1460 
1400 
1300 
1300 
1040 
975 

1440 
150 

1050 
350

137 
125 
130 
195 
135 
130 
130 
137 
130 
130 
135 
135 
130 
130 
130 
135 
135 
140 
125 
135 
130' 
.135 
130 
135 
130 
130 
130 
135 
130 
125 
125 
125

WE034 SCREN 375 135
WE035 SCREN 990 130
NE036 SCREN 1025 125
WE037 SCREN 1025 140

>;« NE038 SCREN 825 125
WE039 SCREN 1150 130
NE040 SCREN 1200 130
WE041 SCREN 1000 125

>}=; WE042 SCREN 1175 135
:7. WE 04 3 SCREN 925 135

WE044 SCREN 700 125
WE04S SCREN 500 135

•;< WE046 SCREN 800 135
>!; WE047 SCREN 200 130

WE048 SCREN 650 135
:!< WE049 SCREN . 625 125
;{< WE050 SCREN 400 . 130
4 wE051 SCREN 650 i 50

WE 05 2 SCREN 575 135
WE053 SCREN 550 135
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BORE HOLE NO FD INT
WL054 SCREN
(Of:055 SCREW
Wl:056 SCREW

:4: WE057 SCRfiiH
WE05S SCREN

>:<■

WE059 SCREN
WE060 SCREN
Wt^Ool SCREN
I.E062 SCREN
WE063 SCREN

5!< UE064 SCREN
if: WE065 SCREN

WEOd-6 SCREN
WilOo? .-SCREW

sj.*f.\ UE063 SCREN
>K WE069 SCREN

WE070 • SCREN
WE071 SCREN

>!< WE072 SCREN
WE073 SCREN

'1/ WE074 SCREN
if: WE075 SCREN
if: WE076 SCREN
a: WE077 SCREN

WE078 SCREN
iK WE079 SCREN

WE080 SCREN
WEOai SCREN
WE0S2 SCREN
acOS3 SCREN

a: WE084 SCREN
!!< WE035 SCREN
\r/ WE086 SCREN
a: l■jE087 SCREN

WE088 SCREN
if: WE089 SCREN
a: WE090 SCREN
A< WE091 SCREN.

WE092 SCREN
if: UE093 SCREN
if: ivE094 SCREW

WE095 SCREN
WE096 SCREN
WE097 SCREN

'1' WE093 SCREN
KE099 SCREN
WE 100 SCREN
WE 101 SCREN
WE 102 SCREN

V WE 103 SCREN
:!< WE 104 SCREN
>i< WE105 SCREN
-.I.- WE 106 SCRrEN

WE 107 SCREN

FD INT DEPTH CM
850 
SOO 
725 
725 
700 
750 
500 

1200 
200 
225 
350 
750 
375 
425 
400 
?75 
925 
975 
996 

1200 
1350 
1100 
500 
650 

1000 
350 
350 
525 
275 
650 
200 
450 
275 
400 
550 
300 
350 
475 
300 .
575
300
325
200
750
275
550
450
450
350
375
275
425
700
SOO

FD INT THICK CM
130 
135 
130 
130 
130 
130 
135 
135 
130 
130 
130 
135 
140 
130 
135 
135 
140 
130 
135 
135 
130 
125 
135 
135 
135 
135 
135 ■
135 
130 
130 .
130
135
140
140
130
145
135
140
135
130
140
130
130
135
135
140
135
130
135
130
135
140
130
135
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7 DURE HCLC MO FD IM-
•5%

HKOOl GROUT
HEOOJi GROUT

:■!'

WE004 GROUT
W2005 GROUT
ME006 GROUT
WE007 GROUT
WEOOS GROUT
WE009 GROUT
KEOlO GROUT

j!; MEOil GROUT
l■iE012 GROUT
i-JE013 'GROUT
WE014 GROUT
WE015 : GROUT
WE016 GROUT
WE017 GROUT
WEOiS GROUT

>a WE019 GROUT
Hi l'JE020 GROUT
H< WE021 • GROUT

WE022 GROUT
WE023 GROUT
HE024 GROUT
HE025 GROUT

* WE026 GROUT
;|c WE027 GROUT
* WE023 GROUT

WE029 GROUT
WE030 GROUT
WE031 GROUT
WE032 GROUT
WE033 GROUT

Hi WE034 GROUT
ME 035 GROUT
M!;;;o36 GROUT

^ii WE037 GROUT
ME038 GROUT
ME03? GROUT

•A WE040 GROUT
WE 041 GROUT
WE042 GROUT■

WE043 GROUT
WE044 GROUT
WE045 GROUT
1-JE046 GROUT
WE047 GROUT
WE 04 3 GROUT

A WE049 GROUT
H< WE050 GROUT
Hi WE051 GROUT

vvE052 ,• . , -f
WE053 GROUT

•< WE054 GROUT

rD iNT DEPTH CM FD INT THICK CM

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.
0
0
0
0
0
0
0
0
0
0
0
0

1006 
1160 
1065 

40 
150 
900 
300 
475 

1050 
250 

1050 
1125 
915 

1050 
800 

1000 
1050 
1200 
1150 
1050 
1100 
1200 
1300 
1250 
1150 
850 
900 
825 
914 
100 
610 
200 
725 
340 
975 
609 
675 
950 

1050 
850 
950 
775 
600 
450 
750 
150 
550 
525 
300 
550 

.425 
450 
750
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•■K

;i<

>;<

■M

/!-•

■M
:}(

XC
ii:
X{

'■a

:-K
>;<

;!<
!!<
Ji<

*

•;{<
•I,
'1'

;±:

■-i<

:l<
:!<
$
.'K
>!;
■=}?

>:<
•is

* V 
••{■:

BORE HOLE NO FD INT MEAS FD INT DEPTH CM FD INT THICK
WEO'vo GROUT 0 700
we:os6 GROUT 0 620
i^fros? GROUT 0 ■525
l-jE05« GROUT 0 600
WlO^jV GROUT 0 650
UIE060 • GROUT 0 200
WE06J. GROUT 0 1100
WE:062 GROUT 0 150
WE063 GROUT 0 175
WE064 GROUT 0 300
WE065 GROUT 0 650
WE06i> GROUT . • 0 300
lOEOi? :GROUT 0 325
WE06S GROUT 0 300
WE069 GROUT 0 875
WE070 • GROUT 0 825
WE071 GROUT 0 875
WE072 GROUT 0 925
WE073 GROUT 0 1100
WE074 GROUT 0 1250
WE075 GROUT 0 1000
WE07^ GROUT 0 400
WE077 GROUT 0 550
WE073 GROUT 0 900
WE079 GROUT 0 250
WE080 GROUT 0 250
WE081 GROUT 0 425
WE082 GROUT 0 200
WE083 GROUT 0 550
WE0S4 GROUT 0 150
WiZ085 GROUT 0 350
WE086 GROUT 0 200
WE037 GROUT 0 300
WE0S8 GROUT 0 500
WE 08 9 GROUT 0 250
WE090 GROUT 0 275
WE09J. GROUT 0 . 350
WE 09 2 GROUT 0 250
WE093 GROUT 0 475
WE094 GROUT 0 250
WE09S GROUT 0 275
WE096 GROUT 0 150
WE097 GROUT 0 600
WE098 • GROUT 0 225
WE099 GROUT 0 400
W£3.00 GROUT 0 450
WEI 01 GROUT 0 350
WE102 GROUT 0 300
WEI 03 GROUT 0 300
WE104 GROUT 0 225
WEIOE- GROUT 0 325
WE 108 GROUT ■■■ 0 ■ 600
WEI 07 GROUT 0 700

A-9
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-•C w :!L!... L.. N t* 3 ‘ 4 o i n Ci'i 82 ■:> ! 4;v. 04TE

vv4 0 j. 1 j. J. 08/03/1977
■ji c. C- '.,■ 13J.3 08/03/1977

•:• W J;! 0 0 o • : 318 08/03/1977

r vj£CC¥ ■ 1283 08/03/1977V. ■»Z005 77 08/03/1977
•*:•• ■AZ006 233 08/03/1977

f WZ007 1283 08/03/1977
yJ£ 003 423 08/03/1777
3E0Cr 550 08/03/177?
W£0i0 1232 <.8/03/1977

;k viEO 11 373 03/03/1977
WE012 . 1230 08/03/1977
7E0-.O 1284 05/02.-197 7
WE014 1338 05/03/1777

^vC W£015 ^ 1184 08/0271777
wEC16 383 05/03/1977

:*: ■,iE017 1177 05/03/1977
* 5^ Vi £0 IS 1327 : 08/03/1977

££019 1350 08/03/1977
££020 1284 ■' 08/03/1977
l-'£021 1179 08/03/1977
££022 1174 08/03/1977

.«: ££023 1333 08/03/1977
■.■!:.;. 04 1450 00/03/ 1977

■•if yi£025 1415 08/03/1977
££026 132? 08/03/1977

■:i ££027 1433' 08/03/1977
££026■ 8 7 3 • 00/03/1977

N

•K ££02? 793 00/03/1977
¥ ££030 1437 00/03/1977
/K ££031 282 00/04/1977

££032 1048 08/02/1977
:-i^ ££033 328 08/02/1977
:.•; wE034 907 08/02/.1977
...'• ^v3030 . 958 08/03/197:-
4: V-E033 1017 08/02/1977

Wi037 988 00/03/1977
4 ^v£03S 333 OS/02/1977

WE 030 510 03/03/1977
:-s W1040 1188 08/03/1977

:< a£04i 972 08/0371977
4 ££042 1094 08/03/1977
■•:< ££043 422 00/03/1977

... 4 'm£:‘44 512 08/03/1977
££045 275 08/'03/l/77

4 ££046 363 00/02/1>77
“•

4 w£047 37 00/02/1977
4 WE048 598 08/02/1977
¥ WE04V c' 2 4 08/03/1977

■*

4 ££050 442 08/'03.' 1977
'££0 31 •::38 08/0 3>l''7"?

':v w£032 844 <18./03/19 7/
- ■ ¥ W.::033 314 08/03/1977

4 W£034 378 ':8/-12/l ^77
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•c W :1 i.. l_ N G G¥ 31 43 i n >...i'i ¥ ¥ ! i4 i> .0 4 i

■,’i a. 0 01 113J 08/03/l'-77
1313 08/03/197?■■:;

¥J;003 1318 08/03/1977
4 yJGCC-: 12*8 03/03/1977
:r; w lL ¥ 3 77 08/03/1977

G3006 238 08/03/1977
¥3007 1263 08/03/1977

■N ¥3003 423 08/03/1977
¥3007 580 03/03/1977
W30-.0 1232 08/03/1977
W3011 393 08/03/1977
¥30 •.2 , 1230 08/03/1977

¥ ¥3013 1264 08/02/1977
¥ ¥3014 1338 08/03/1977
¥ ¥3013 ^ 1184 08/02/1977
¥ ¥301* 888 03/03/1977
¥ ¥3017 1179 03/03/1977
¥ ¥30 IS 1327 . 08/03/1977
¥ ¥3019 1350 0S/C3/1977
■f' ¥ 3 0 2 0 1294 ■' 08/03/1977

¥3021 1199 08/03/1977
•!> ¥3022 1174 08/03/1977
¥ ¥3023 1358 08/03/1977
¥ ¥3024 1450 08/03/1977
¥ ¥3^2S 1415 00/03/1977
¥ ¥302* 1329 08/03/1977
¥ ¥3027 1433 08/03/1977
¥ ¥3023 693 08/03/1977
¥ ¥302? 793 08/03/1977
¥ ¥3030 1437 08/03/197?
¥ ■ ¥3031 262 08/04/1977
¥' ¥3032 1048 08/02/1977

¥3033 328 03/02/19/7
¥3034 907 . 08/02/1977

. .•; ¥3033 956 03/03/1977
¥ ¥ 3 v' 3 * 1017 08/02/1977

■¥3037 966 08/03/1977
¥303S 833 03/02/i977

•*;•■ ¥3039 510 03/03/1977
-3040 ■ 1168 08/03/1977
*3041 992 03/03/1977
¥3042 1094 08/03/1977

¥ ¥3043 422 OS/03/1977
¥3044 512 .08/03/1977

■;<

¥3043 295 08/'05/l 977
¥ ¥304* 36i 08/02/1977
.y ¥3047 87 08/02/1977
¥ ¥3048 596 08/02/1977
¥ ¥3049 624 08/03/1977
•:< ¥3030 442 06/03/1977
•f

¥30 31 •.38- ■ 03/0 5-^ I'" 7'?
;-4 ¥3032 644 08/03/1977
•;i ¥3033 ' . • 314 08/03/1977

¥3054 876 48/02/i^77
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WELL N(

■V Z0^6

* ¥£0;^7
¥ ¥E073
¥ :-5¥
¥ v‘v;:. C: ■-•

¥ m:-06 ■
¥ WE062
¥ WE033
¥ WE0A4
¥ WE035
¥ WE066
¥ WE067
¥ ¥E0-:>3
¥ WE068
¥ WE069
¥ WE070
¥ WEO/j.
:K yE072
¥ WE073
¥ WH074
¥ WE077

WEv7
¥ WE077
¥ ¥£■■73
¥ WE079
¥ ;^i£030
¥ wEv3 '
¥ iMi" 3

¥ W£733
¥ ¥E0G4
¥ W£335
¥ W£033
¥ vj£037
¥ WE083
¥ ¥3'739
¥ 3E090
¥ ¥£09-
¥ biE092

¥ w£093
¥ WE093
¥ WE095

¥ WE093
¥ WEC97
¥ WE09S
¥ wE099
¥ wElOO
¥ •Me. J.01
¥' 3E102
¥ ■■jE103

¥ WE 104
¥ WE 105
.J a —:-a ' V-/E107

GW STAB DEPTH CM GW STAB DATE

-•. 08.- 02/ 17 77
08/02/1977

735 O3/’02/ly77
722 03/02/1977
754 03/02/1977
529 03/02/1977

1170 03/02/1977
139 08/03/1977

03/03/197?
59 03/03/1977

346 03/03/1977
340 08/02/1977
392 08/02/1977
471 03/02/1977
471 08/02/1977

ICOO 08/02/1977
943 08/03/1977
933 03/03/1977

1044 03/03/1977
1208 • 08/02/1977

732 08/02/1977
474 '08/02/1977
437 03/02/1977
451 03/02/1977
334 08/02/1977
337 03/03/1977
3SS 03/03/1977
430 08/03/1977
231 08/02/1977
40o 03/02/1977

71 03/02/1977
443 08/02/1977
121 03/02/1977
399 08/02/1977
323 03/02/1977

43 08/02/1977
397 08/02/1977
494 03/02/1977
361 03/02/1977
693 03/04/1977
143 08/02/1977
246 03/02/1977
155 08/03/1977
S25 03/03/1977
243 05/03/1977
319 03/03/1977
496 03/03. 1977
812 03/03/1977
440 03/03/1977
393 03/03/1977
323 03/03/1977
415 03/03/1977

08 -03/:777
759 03/03/1977

A-11
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‘v..

V..

.i[;;i...L NO GW STAG OEF'TH CM GW ;>TA& DAVE
-V-

WEOOJ. 1120 05/29/1977
■■•EOOi 1142 04/09/1977

;?c WilOO' 1129 07/01/1977
wEOOE 130S 03/08/1977
wEOOE 1310 03/07/1977

* l-IEOOZ 1294 05/29/1977 •
wE'jOE 1310 03/05/1977

■ wE004 120s 03/15/1977
■{= WE004 1275 04/12/1977
* WE004 1263 07/01/1977

WE004 1 w2 w' 05/29/1977
WE004 1290 03/10/1977
wE005 30 03/11/1977
wE005 63 07/01/1977
wEC>05 275 05/30/1977

i?: WE005 150 06/01/1977
WE005 S5 . 05/29/1977
WE 00 6 253 05/29/1977

iii WE006 196 ■■ 03/12/1977
WE006 263 06/30/1977
WE0C7 736 03/14/1977
WE 00 7 14 58 06/06/1977
WE 00 7 1500 06/28/1977
WE007 1573 05/29/1977

V?: WE007 1259 03/26/1977
;lr WE007 1573 05/29/1977

WE003 411 07/01/1977
WEOOS 424 03/15/1977

iv; WE0C8 423 03/17/1977
WE008 421 05/29/1977

;[« WE009 560 05/29/1977
!!C WE009 535 07/01/1977
;[c WEC09 563 05/07/1977

WE009 57S 03/10/1977
>;< •WEOlO 1215 05/29/1977

WEOiO 1227 07/01/197-
WEOIO 1218. 03/17/1977
WEOi 1 355 03/19/1977
WE-Oil ■383 06/20/1977

•K WEOil 3S9 07/01/1977
WEOli 361 05/29/1977

5^ WEO'2 1233 06/26/1977
W WE012 1243 03/21/1977

WE012 1233 06/28/1977
WE013 1248 05/29/1977 .

5i< WE013 1272 03/22/1977
;;; WE0J.3 1260 07/01/1977
iv; WE014 1165 03/24/1977
jj; ufE014 1252 06/30/1977

WE015 1165 05/29/1977
•■■)Eo 13 1x75 0 7/01/1977

■4 WE'Oi 6 336 03/26/1977
WE016 870 05/27/1977
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WELI. NO GW STAB DEPTH CH GW STAB DATE

.•;c

r-■ ;ic

*
K

%
■■'■■

W E 01 7 
-;£017 
WE017 
lyE-Jj.3

w£o:b
vi£018 
WE0 3.8 
WHO 19 
WE019 
WEOl?

• WE020 
WE020 
WE020 
WE021 
3E021 
1';E021 
W!::o2 3 
WE023 
WE022 
WE024 
ivE024 
Wc02!^ 
WE02E 
(vE026 
wE02i 
3E027

lliO 03/28/1977 
1134 05/29/1977 
11/4 07/03/1977
1310 05/29/1977 
1322 07/02/1977 
1320 03/30/197?
1311 03/29/1977 
1045 03/30/1977 
1330 07/01/1977 
1322 05/29/1977 
1271 05/29/1977 
1284 03/31/1977 
12S8 07/02/1977 
1139 04/01/1977 
1191 07/02/1977 
.1173 05/29/1977 
1373 04/05/1977 
1333 06/28/1977 
1333 06/26/1977 
1479 .04/05/1977 
1454 06/28/1977 
1413 06/20/1977 
1298 04/07/1977 
1300 03/28/1977 
1298 04/07/1977 
1406 06/28/1977

•vE027 1116 04/03/1977
/ .■JE027 1406 06/25/1977

WE 028 94 04/09/1977
WE028 704 06/28/1977

i}; WEO20 700 06/03/1977
WE029 781 06/28/1977

Ji; wE029 0 04/09/1977
>:< wE030 1442 04/12/1977

WE030 1433 07/01/1977
WE 030 1424 05/29/1977
8E031 114 04/13/1977
WE032 1045 07/01/1977
WE032 1029 05/03/1977
WE032 1034 ■ 04/15/1977

/ WE033 299 .04/15/1977
WE033 322 07/01/1977
WE034 1123 07/02/1977

;K WE034 372 04/16/1977
WE035 949 04/18/1977

X WE035 949 04/18/1979
WE035 943 07/02/1977
WE035 947 05/13/1977
WE036 1003 04/20/1977

J3- WE036 1252 07/01/1977
WE 036 1012 • 05. 13/1977

■V 3E031 .1021 04-'19/1977
•4 WE036 1021 04 •'19/1977
•t: WE037 961 0-i'23/L977

A-13 VVOf^VVORWr^G DRAFT



WELL NO GW STAB DEPTH CM GW STAR DATE
Wc 1=37 961 04/23/1977
=■■:::: 037 761 04/23/1977
i.;r i-| v7 961 04/23/1?77
[■j7037 . 961 07/02/1977

A [•j303S 819 05/27/1977
13E03S 825 07/02/1977
!^JE039 1020 07/02/1977
:7E039 1022 04/27/1977
i>JE039 505 05/30/1977

:^i iv J!! 0 0 116? 07/02/1977
wE;040 1170 05/30/1977
UIE041 990 04/30/1977

■K I'j b. 0 *5 J. 991 07/02/1977
!-:b;041 990 04/30/1977

j;< :>iE:042 1090 07/02/1977
■^{( W£042 713 04/30/1977
^ ■ WE042 713 04/30/1977
;■!=;

WE;042 713 04/30/1977
WE-043 396 05/02/1977

>ic WE043 396 05/02/1977
;:; ‘ wc043 400 05/31/1977

WEb043 410 06/20/1977
ij: Wb:043 605 04/30/1977
iv' l.!Eb043 414 06/28/1977
>n WE044 508 06/28/1977
•;!« W;:044 470 05/03/1977
>i< a;E044 470 05/03/1977

:3E045 300 06/23/1977
:■!«

W3046 353 06/04/1977
wii-046 350 05/06/1977
Wi£046 361 06/23/1977

>K Wb;046 352 06/06/1977
I.-IE046 350 05/06/1977

>K Wi£047 35? 06/23/1977
•K W3047 133 05/10/1977
?v; l<jc047 133 05/10/1977

559 06/00/1977
4- ws:o4& 418 05/10/1977

WE048 602 07/01/1977
;K WE043 413 05/10/1977
>;i 7iE049 590 06/27/197?
J-: WE049 618 05/09/1977

WE049 618 05/09/1977
* WE049 595 05/29/1977

WE050 378 - 05/10/1977
ii< y£050 378 05/10/1977

wE030 427 07/01/1977
;!i WE0:)1 561 07/01/1977

WE031 640 05/11/1977
Vi< WE0S51 640 05/11/1977
;;; wEOSl 612 05/29/1977

■;

wE0':2 627 C5.'12.-L977
•■;<.

WE032 627 05/12/1977
:f: biE053 266 06/06/1977
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WELL NO GW STAB DEPTH CM GW STAB DATE
ig:£0:>3 ECO 06/28/1977
WE0^:i3 2l^8 03/31/1977
ue;:o54 870 07/29/1977
!vtrOi;:4 £?• 0 03/24/1977
Wi;:o53 921 06/30/1977

;!c w;:^.055 763 05/25/1977
W!;:o33 763 03/23/1977

¥ hiEO'56 771 05/2-/1977
* l^E036 771 03/26/1977

Wfi;036 942 06/30/1977
wE057 777 06/30/1977

;k wiiLOSB 721 06/30/1977
We;;o3h • -413 03/28/1977

;jc WE 038 413 05/28/1977
;;: ■aIE039 733 03/28/1977

WE039 733 05/28/1977
•:< w£03? 744 06/30/1977

WE080 ■ 268 03/30/1977
14^060 268 05/30/1977

:•!: •4E060 307 06/30/1977
•K WE060 28S 06/08/1977

WEOoi 1167 06/13/1977
WEIOol 1168 06/27/1977

5!< WE061 1179 05/31/1977
>K lyEOBi 1163 06/03/1977
;i< WEOoi 117? 05/31/1977

WE062 173 06/28/1977
WE062 151 06/01/1977
WE062 131 06/01/1977

;k WE063 93 06/02/1977
wf;;o63 105 06/28/1977

jfi WE06.3 95 06/02/1977 ■
;i^- WE064 58 06/03/1977
j{< 1-JE034 71 06/23/1977
;!? WE064 58 06/03/1977

WE 06 3 647 06/30/1977
WE066 324 06/23/1977

;;; WE066 329 06/06/1977
WE066 329 06/06/1977

>i< WE067 382 06/28/1977
WE06S 505 06/08/1977
W E 0 6 3 505 06/03/1977

;{i WE06S 469 06/24/1977
j;; WE063 469 06/23/1977

WE06V 996 06/13/1977
;? WE06? 996 06/13/1977
;:; WE069 998 06/30/1977
JK WE070 944 06/11/1977

WE070 949 07/01/1.977
5:< WE070 944 06/11/1977
5'i< WE071 881 06/11/1977

•;eo7:. 281 03/11/1977
;i; WE072 1041 07/01/1977
•}j WE072 , • 1039 .06/13/1977

A-15
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WELL NO GW STAB DEPTH CM GW STAB DATE
wc!072 1,07 7 06/13/1977

•r- WE077 j.213 06/14/1977
i:c;:073 1203 06/30/1977
W7073 1213 06/14/1977
w^:074 123? 06/13/1977
Im£074 728 06/30/1977
WE074 1239 06/15/1977

5;- WE073 470 06/16/1977
Wt:073 470 06/16/1977
'•IE073 473 06/18/1977

;k WE075 472 06/30/1977
;ii WE076 433 06/13/1977

i>!E076 ■ 243 06/17/1977
WE076 243 06/17/1977
WE076 : 434 06/30/1977

w. WE076 433 06/18/1977
;i< wE077 472 06/18/1977

WE 077 472 06/18/1977
;K WE077 458 06/30/1977
>!i WE07S 724 •• 06/20/1977

WE078 361 06/27/1977
WE073 632 07/02/1977

Si: WE073 724 06/20/1977
WE078 948 07/29/1977
WE079 378 07/01/1977
WE079 377 06/21/1977
WE079 377 06/21/1977
WE080 390 06/22/1977
WE080 388 06/28/1977

;:< WE030 390 06/22/1977
ivf WEO0J. 473 06/23/1977
>;< WEOfcil 478 06/23/1977

WE032 280 07/04/1977
WE082 280 07/04/1977

>:; WEO03 400 07/06/1977
WE0B3 400 07/05/1977
WE033 400 07/05/1977

iK WE084 81 07/06/1977
WE084 81 07/06/1977
WE0S5 433 07/07/1977

V' . • WE085 • 438 07/07/1977
;k WE096 147 07/03/1977

WE086 147 07/0v3/l977
WE087 381 07/09/1977

* ■ WE0S7 381 07/09/1977
WE038 622 07/09/19/7

i-H WE088 622 07/09/1977
;K WE089 41 07/11/1977
;i< WE089 41 07/11/1977
ili WE 090 330 07/11/1977

WE09i 494 07/13/1977
'•;■

WE Or 2 2L;>3 0.;V 13/1977
;{< WE093 ■ 633 07/13/1977

WE098 155 07/16/1977
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*

z%
%
%
%
>[i
i;i

ivl

;ic
;K
M<

Wl'LL NO

WEOV/ 
l^EOVt? 
u!:;:o99 
WE099 
WE 100 
WErioo 
WE 100 
WElOl 
WElOl 
WE 102 
WE 102 
WE 102
we: 102 
we: 103 
WE103 
WE 103 
we:io3 
we: 104
WE 104 
WE 104 
WE105 
WE 103 
WE 106 
WE 106 
WE 107

GW STAB DETi’lI CM CW STAB DATE

821 07/18/1977
244 07/20/1977
3-: 2 07/20/1977
620 07/21/1977
470 07/22/1977
491 . 07/23/1977
497 07/25/1977
570 07/23/1977
572 . 07/25/1977
410 07/23/1977
412 07/23/1977
510 07/23/1977
424 07/25/1977
337 07/25/1977
530 07/25/1977
3S6 07/25/1977
337 07/25/1977
320 07/25/1977
422 • 07/25/1977
316 07/26/1977
414 07/29/1977
414 07/27/1977
667 07/23/1977
663 07/29/1977
758 07/29/1977
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APrC.DIX B: I^\EORATORY SOIL TEST PROCEDURES

Physical Trjt

Standard soil test procedures as specified by Engineer '!anual 
1 110-2-1906, "Laboratory Soil Testing," were follou'ed during testing.
Unified Soil Classification Systeia

Classification of soils according to the USCS depends upon 

grajn-size distribtution and the Atterberg Units. Grain-size distribution 

IS dstcrnined with sieves and a hydro.neter, and the li';uidity and plasticity 

(Atterberg liiPits) are determined with standatd devices. The liquid and 

plastic limits are the water contents at the boundaries between the semi
liquid and plastic state and the plastic and semisolid state, respectively. 
Figiire B1 shows the USCS by which the PBA soil samples were described. 
Figures B2-B7 present the laboratory data sheets for the classification 

of two samples; one a coarse-grained material (SP-SM) and the other a 

fine-grained material (CL). 
t/ater Content and Density

Water content and soil density are im.portant engineering relation- 

snips and are useful correlations among samples for which a full suite 

of physical test data arc not available. Water content is the amount of 
free water in a soil and is determined to ti\e following formula:

where W = water content 
U'w = weight of water 
^s = dry weight of soil

Density or dry unit weight is determined according to the following formula:

B-1
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i.-here D 

W
Jcnsity 

& = dry weight of soil
V = voJv^e of soi]

Ten- eability

PeriTicability is a measure of a soil's ability to trans''iit a fluid; 

in the current study the fluid is w^-ter. The flow of water tlirough a 

soil is governed by Darcy's law:

KiA

where q = rate of discharge through a soil of cross-sectional area A 

K - coefficient of permeability
i = hydraulic gradient (the loss of hydraulic head per unit 

distance of flow)
A = sample area perpendicular to flow

For coarse-grained nateric.ls, permeability tests are usually conducted
in a constant head apparatus. In this equipment, an overflow .ng reservoir
piajutains a constant head on a soil sample of specified dimensions and
the ar.ount of viator passing through the soil in a specified tii.e is collected
and measured. The permeability is then calculated according to the
formula:

'20
QLR^
hAt

where
Q
L

= coefficient of permeability, cm/sec at 20°

= quantity of flow, cc
- length of specimen over which head loss is measured, cn. 

If piezometer taps are used, L is equal to the distance 

between piezometer taps.
= temperature correction factor for viscosity of water
- head loss across sai.'ple or bcLW'een piezometer taps, cm.
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A = cross-sectional area of specin’er., sq cm 

t = elapsed time, sec
Figure B8 is a schematic i-eprcsentation of the testing apparatus and 

Figure 139 is the data set from boring No. 8, sample No. 5.
Permeability tests for fine-grained soils arc usually performed 

on confined specimens w’nich permit an increase of pressure, thus decreasing 

gas volume and increasing saturation. The head is allowed to fall during 

the test, and permeability is calculated according to the formula:

2.303 aLR^ log ^

where K^q = coefficient of permeability, crr/sec at 20“C 

a = inside area of standpipe, sq cm
A = cross-sectional area of specimen, sq cm 

L = length of specimen, cm 

t = elapsed time (t^ - t^), sec
h = height of water in standpipe above discharge level at 

o
time t , cm 

o
h^ = height of Water in standpipe above discharge level at 

time T^, cm
= te'.nperature correction factor for viscosity of water 

FigULC BIO is a schematic representation of the testing apparatus and 

Figure Bll is the data set from boring No. 12, sample No. 2.
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USING SETUP SHOAN IN (?). THE COEFFICIENT OF PE/!MH A 9 IL 1T Y IS 
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. LQ , bj,
k 3.3,3

USING SETUP SHOWN IN (b), THE COEFFICIENT OF PERM E AS II. ITY I.S 
DETERMINED AS FOLLOWS

, L bo L , bo
‘‘=T'"‘h7===-^°^T'°3ioir

WHERE. = HEIGHT OF CAPILLARY RISE 
a = inside AREA OF STANDPIPE 
A = CROSS-SECTIONAL AREA OF SPECIMEN 
L = LENGTH OF SPECIMEN

h = HEIGHT OF WATER IN STANDPIPE ADOVE 
® DISCHARGE LEVEL MINUS h AT TIME, t

L CO
n, =H'"IGHT OF WATER IN STANDPIPE ACOVE 
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t = ELAPSED TIME, t, -

Figure BIO. Scher^itic representation of falling head testing 
apparatus
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MITRE

Ms Lucy Sibold
U S Environnencal Protection Agency 
401 M Street. S U 
Room 2636, Mail Code VH-548A 
Washington. D C. 20460

Dear Ms Sibold

Enclosed is a copy of the draft revised HRS net precipitation values 
for 3.343 weather stations where data were available. The data are 
presented by state code, station name, latitude loncitude. and net 
precipitation in inches A list of state codes is also enclosed

The net precipitation values are provided to assist the Phase II • 
Field Testing efforts. It is suggested that the value from the nearest 
-eather station in a similar geographic setting be used as the net 
precipitation value for a site

If there are any questions regarding this material, please contact 
Dave Egan at (703) 883-7866

Sincerelv,

Andrew M. Platt 
Croup Leader 
Hazardous Waste Systems

AMP-DEE/hoe

Enclosures

cc: Scott Parrish

The MITRE Corporation 
CimI S\stems Division

7525 Colshire Drive. McLean. Virginia 22102 3481 
Teiernone (703) 883-6000 Telex 24892.7
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I 10.58 
112 51 
111.40 
111.22
109.01 
109.14 
110.12 
111.16
91.56
92.48 
91.14
94.00
91.49 
92.04
92.49 
91.11
91.55
91.21 
91.29
91.56
94.21
91.01 
92.ni
91.08
92.49 
91.25 
91.12 
91.01 
91 *36 
92.17 
90.40
94.15 
92.00
90.46 
92.14 
92.52
92.16 
91.12 
94.06 
91. 10 
91.10 
92.2892.44
91.09
90.47
91.45 
91.19 
91.09 
94.22
91.50
91.17
91.18

10:42 IRIUAY. JANUARY r-Y. vjnn

NEIPREC
1.6901 
7.3605 
9.5211 
0.9078 
2.1114 
1.7778 
0.8215 
1.0179 
2.9441 
1.8186 
0.6941 

25.1671 
21.8111 
22.0124 
17.4776 
24.4908 
24.3018 
22.0654 
22.5447 
20.2711 
21.7011 
23.0191 
24.2495 
22.5659 
21.7258 

■^1.1561
24.2112
25.5101
22.6920
21.4874
25.2521
26.2710 
24.6104 
24.6298 
24.1295 
21.8714 
24.2189 
22.1117 
23.7426 
21.0192 
21.6909 
16.0537 
20.4557 
21.9062
22.2711 
19.6811 
19.9652
21.01144.21.6858^
17.6114
20.7417
15.2076
16.9527
21.5564
20.6040
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t TOTAL depth OF HOLE

DRILLING LOG
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BURDEN SAMPLES TAKEN i *2^

I UNOttTURRCO
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2 LOCATION (Coatdmmf’

3 DRILLING AGENCY

4 HOLE NO (A* »bown on dtmwig\4 N(/«l 
mnd /JU nuBiboc)

5 NAME OF DRILLER

« DIRECTION OF HOLE

r~] VERTICAL □inclined ,
7 THICKNESS OF OVERBURDEN

• DEPTH DRILLED INTO ROCK

9 TOTAL depth OF MOLE

DRILLING LOG
t PROJECT

. DEC FROM VERT
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k

LEGEND

INSTALLATION SHEET
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10 SIZE AND TYPE OF BIT
Tl DATUM FOR ELEVATION SHOWN (Tbli cr HSLi

12 MANUFACTURER'S DESIGNATION OF DRILL
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BURDEN SAMPLES TAKEN i

UNDISTURBED
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15 ELEVATION GROUND WATER
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18 SIGNATURE OF INSPECTOR

classification of materials \ CORE RECOV- BOX ORsample
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ERT

BOX^OR
samKe

NO n>rOfinS (Mm, wmtm Mm. 4mpth of 
NoorfMrtag, mtm,, (f

3c?_Z

j/Z:

0 a ~/7.a' cc>^y<^/0 
Svy// Jv SX^ f

r>i ’■ccj'.i^ vr-

SfihOCi. ;r,^ j /'j 
/n<<y
SOKJL. ch^ ii'SVv**'

<y '12..

CCA^ cccp

vS"A^£>. ^yv.e=>4<7
WS/Od <rJviA^*/
fzvvJ.,' OCfew7'ai>^-

aj- T-1-0

{-no -2-/'3 
z- IV.o.v7-'
3- ".-7 o- 
tn,K.ecJ

3£.o. c>2X«vs ^ 
c/corr. fJiAAsA~ s.^
fi'JC 3ire^r^

LT'»

^'2 
27 4>

5C-SM

X-3

■52^

18 36 pnevious eoitions *«e ouolctc
fTRARSLDCERT?



Hoi* No.
IMSTALUATJON SHC£T
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\ PROJECT to SIZE AND TYPE OF BIT
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Water Resources Data 

Arkansas
Water Year 1990

U.S. GEOLOGICAL SURVEY WATER-DATA REPORT AR-90-1 
Prepared in cooperation with the Arkansas Department of 
Pollution Control and Ecology; Arkansas Game and Fish 
Commission; Arkansas Geological Commission; Arkansas 

Soil and Water Conservation Commission; Arkansas State 

Highway and Transportation Department; Independence 
County; Little Rock Municioal Water Works;



ARKANSAS RIVER BASIN

01263706 ARKANSAS RIVER AT LOCK AND DAM 4 NEAR PINE BLUFF, ARKANSAS

location —Lat 34*10’56“, long 91*54’22", in SE NE '/, sec.29, T.5 S., R.5 W., Jefferson County, -lydroloqlc 
Unit ’.1110207, on upstream side of locK and dam at end of State Highway 81, 2.2 ml east of St. Louis South
western Railroad Yard.

LRAINAGE area. —158, 542 ml', of which 22, 241 ml' Is probably roncont rlbutlng.

= ERI0D 0=' RECORD.--November 1983 to current year.

COOPERATION,--Records were furnished by Arkansas Department of Pollution Control and Ecology, Little Rock, Ark

WATER QUALITY DATA, WATER YEAR OCTOBER 1989 TO SEPTEMBER 1990

DATE

OCT 
02. 
31 

DEC 
05 

JAN 
16. 

FEB 
27 

MAR 
13. 

APR 
10. , 

SEP 
04. , 
18. ,

DATE

OCT 
02. 
31. 

DEC 
05. . 

JAN 
16. . 

FEB 
27. . 

MAR 
13. 

APR 
10. . 

SEP 
04.. 
18. .

DATE

OCT
02.,
31.,

OEC
05.

JAn
16.

27
mar

13.
APR

10
SEP

04,
18

AGENCY
COL

LECTING

AGENCY
ANA

LYZING

DIS
CHARGE,

IN
CUBIC PH TEMPER TUR OXYGEN,

OXYGEN
DEMAND,

BIO
CHEM

SAMPLE SAMPLE FEET (STAND ATURE BID DIS ICAL,
(CODE (CODE PER ARD WATER ITY SOLVED 5 DAY

TIME NUMBER) NUMBER) SECOND UNITS) (DEG C) (NTU) (MG/L) (MG/L)
(00027) (00028) (00060) (00400) (00010) (00076) (00300) (00310)

1000 9827 9827 31700 8.1 20.0 8.5 1.2
1000 9827 9827 15700 8,5 18.0 5.4 9.5 1,6

0940 9827 9827 2020 8.2 10.0 3.6 10.9 1.4

0953 9827 9827 100 8.4 7.0 3.5 12.8 2,8

1025 9827 9027 73700 7.0 10.0 — 11.2 1.3

0820 9827 9827 164000 7.7 15.0 — 9.9 1.9

1240 9827 9827 177000 7.8 15.0 55 10.1 0.6

1535 9827 9827 4200 B. 9 32.0 -- 9.5 2.9
0945 9827 9827 2500

00

27.0 — 8.5 3.7

HARD
NESS SULFATE

CHLO
RIDE,

SOLIDS, RESIDUE 
RESIDUE TOTAL
AT 180 AT 105

NITRO
GEN,

NITRO
GEN,

NITRO
GEN, AM
MONIA +

TOTAL DIS DIS DEG. C DEC. C, N02*^N03 AMMONIA ORGANIC
(MG.'L SOLVED SOLVED DIS SUS TOTAL TOTAL TOTAL
AS (MG/L (MG/L SOLVED PENDED (MG/L (14G/L (MG/L

TIME CAC03) AS S04) AS CL) (MG/L) (MG/L) AS N) AS N) AS N)
(00900) (00945) (00940) (70300) (00530) (00630) (00610) (00625)

1000 140 59 80 400 0.350 0.050 0.76
1000 140 — — 335 8 ” <0.050 0.45

0940 160 53 130 437 7 0.120 0.070 1.1

0953 160 62 no — a <0.020 <0.050 0.82

1025 90 35 55 228 25 — <0.050 1.8

0820 96 38 61 233 46 0.320 <0.050 0.67

1240 no 36 48 245 45 0,500 0.050 1.1

1535 130 45 62 277 10 <0.020 _ 0.90
0945 130 39 65 283 9 -- 0.87 :

PHOS
PHOS

PHORUS
CADMIUM

TOTAL

CHRO
MIUM,
TOTAL

COPPER,
TOTAL

LEAD,
TOTAL

ZINC,
TOTAL CARBON, j

PHORUS ORTHO RECOV RECOV RECOV RECOV RECOV ORGANIC
TOTAL TOTAL ERABLE ERABLE ERABLE ERABLE ERABLE TOTAL
(MG/L (MG/L (UG/L (UG/L (UG/L (UG/L (UG/L (MG/L

TIME AS P) AS P) AS CD) AS CR) AS CU) AS PB) AS 2N) AS C) *
(00665) (70507) (01027) (01034) (01042) (01051) (01092) (00660)

1000 0.140 0.060 <1 <15 7 <10
1000 0,070 0.050 <1 1 <15 <2 <10 4.7

0940 0.150 0.030 <1 <1 16 <2 <10 12

0953 0.060 <0.030 " — — — — 4.7

1025 0.130 0.030 — — — -- — 5.2
0820 0.180 0.050 — — — — — 7.2
1240 0,190 0.060 — — — — — 7.4
1535 0.060 0.080 _ .. 7.20945 0.150 0.130 — — _ _ _ 5.5
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SYNOPSIS

Site 12, the Mustard Burn Pits at Pine Bluff Arsenal, Arkansas, will 
be closed in a FY 86 Military Construction, Army (MCA) project in 
accordance with all applicable State and Federal regulations. The general 
investigative procedures followed at Site 12 were to establish the extent 
and nature of contamination of waste materials both on the surface and in 
the underlying soils. This included investigations sufficient in scope to 
determine the vertical and horizontal limits of contaminants present and 
also to determine if the contaminants would classify as hazardous waste. 
This contamination consists of heavy metals associated with residue from 
past burning of mustard agent ordnance. Neither the surface waste nor 
subsurface materials at Site 12 classify as hazardous waste, therefore, the 
site closure is not subject to RCRA regulations, if wastes are relocated. 
Concentrations of contaminants in groundwater samples did not exceed water 
quality standards.

Additional investigations were made to determine the most effective 
means of closure that would satisfy the requirements for final disposal of 
waste materials at the site. The subsurface investigations conclude that a 
low-permeable clay layer underlies part of the site and is a suitable lower 
boundary for an in situ encapsulation of the waste materials. Utilization 
of on-site encapsulation requires moving a significant portion of the waste 
material. A more economical closure plan consists of moving all 
contaminated material (15,500 cubic yards) to Site 23A, where fill material 
is needed in order to complete the Site 23A closure cell. The plan has an 
estimated cost of $340,200 and is considered to be the most economical and 
environmentally acceptable alternative, based on the data presented in the 
followina narrative.



I - GENERAL

1-01. Purpose. This report presents the closure plan for contaminated 
waste materials located at Site 12, Mustard Burn Pits at Pine Bluff 
Arsenal, Arkansas. This site is an inactive site and will be permanently 
closed in accordance with applicable State and Federal regulations. 
Closure of this site is required to eliminate a historical open dump and 
prevent contamination of the waters of the State of Arkansas. Discussions 
between Arkansas Department of Pollution Control and Ecology (ADPC&E), 
Tulsa District Corps of Engineers (TDCE), and Pine Bluff Arsenal (PBA) 
personnel determined that remedial action must be conducted at this site in 
response to a consent order issued to PBA by the ADPC&E. It was jointly 
decided to use a negotiation process between the parties similar to the 
Comprehensive Environmental Response, Compensation and Liability Act 
(CERCLA). Criteria for hazardous waste set forth in the Resource 
Conservation and Recovery Act (RCRA) were used to classify materials and 
manage wastes which will become subject to RCRA during the remedial action 
process. Cleanup limits for RCRA-listed metal contaminants were dictated 
by ADPC&E and related to both total ion and EP toxicity testing (See 
table 3-1).

1-02. Report Format. A site description is presented in Section II. The 
geotechnical and contaminant investigations which form the basis for the 
proposed closure plan are contained in Section III. A description of the 
proposed closure plan for this site is presented in Section IV. The 
indicated closure plan is considered to be the most technically feasible, 
cost effective, and environmentally acceptable alternative based on the 
results of geotechnical and contaminant investigations, alternative design 
studies and existing site conditions. Alternative closure plans studied 
and comparative cost estimates are presented in Sections V and VI, 
respectively.
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II - SITE DESCRIPTION

2-1. Site Description. Site 12, the Old Mustard Dump Yard, is a 25 acre 
site located east of the Bombing Mat on Doolittle road. The site was 
primarily used as a burn and disposal area for mustard munitions. The 
Arsenal used this site for a period of approximately 6 years. Last known 
activities were completed in 1948. Scattered across the site are mounds 
and trenches which are the result of the disposal operations. Four 
parallel trenches on the southern end of the site contain rusted munitions 
and 55-gallon drums. A larger pile of debris exists west of the four 
trenches where shell casings were stacked and burned with thermite. A 
smaller pile is present south of the four trenches. A large burning area 
located in the central portion of the site covers approximately one acre. 
Ash and debris is scattered over the burned ground and a heavy cover of 
grass now masks much of the area. Pits on the northern end of the site 
contain the remains of tubes which held igniter mix for the munitions. A 
smaller burn area in the northern portion of the site covers about 10,000 
square feet.

The site is adjacent to the Arkansas River and is relatively flat at 
approximate elevation 218, just below the 100-year flood elevation of 
220.3. Grass, heavy underbrush, and trees now cover the site. An aerial 
photograph taken in 1961 of the site is presented as photograph 1 in 
Appendix I. Photos of the debris and rubble taken in 1984, are also 
presented in Appendix I. Figure 2-1 indicates the location of the site on 
the Arsenal.
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Ill - GEOTECHNICAL AND CONTAMINANT INVESTIGATIONS

3-01. Introduction. The purpose of the exploration program was to (1) 
define subsurface conditions at the site and (2) define the type, severity, 
and lateral and vertical extent of contamination.

3-02. Field Investigations.

a. Preliminary. Prior to the recent investigation at Site 12, 49 
holes were drilled at the site for the 1973-1975 Contaminated Area Survey 
Project and sampled to a depth of 17.5 feet. The samples were tested for 
heavy metals and other contaminants. In 1982, one upgradient and 3 
downgradient monitoring wells were installed to monitor groundwater at the 
site. The wells are regularly tested by the Army Environmental Hygiene 
Agency for selected parameters. The groundwater data from these wells are 
available on STORET, a computer system administered by the Environmental 
Protection Agency. Laboratory classifications on the 
survey project borings were not made. However, soil 
monitoring well borings were classified according to 
Classification System.

contaminated area 
samples from the 
the Unified Soil

b. Current Investigations. Fifty-six auger holes 5 to 15 feet deep, 
and one denison hole 15 feet deep, were drilled in 1984 and early 1985. In 
addition eight test pits were dug in the disposal trenches and munitions 
piles since drilling was impractical due to the presence of metal litter. 
Water samples were taken from holes when groundwater was encountered and 
from standing water in pits. Locations of the borings and test pits are 
shown on drawing 1. Soil from the auger holes was described in the field 
and classified in the laboratory. Each run of the auger was limited to 
3 feet. To prevent mixing of materials, or sampling material that had 
pulled off from the wall of the hole, only the interior of each sample was 
used. Material was taken from the entire length of the sample, sealed in 
plastic jars and shipped to the Corps of Engineers Southwestern Division 
Laboratory in Dallas. Soil from the denison hole was also described in the 
field. Six undisturbed (denison) samples were sealed and shipped to the 
Corps of Engineers Southwestern Division Laboratory for falling-head 
permeability tests. Those holes which' penetrated a clay layer were 
backfilled with grout.

3-03. Laboratory Testing. Laboratory testing of samples from Site 12 was 
performed by the Corps of Engineers Southwestern Division (SWD) Laboratory 
in Dallas, Texas and by local laboratories contracted by them. Results of 
laboratory testing are reported in Appendix II.
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a. Chemical Testing Procedures.
(1) Metals

(i) Total ion testing. Soil samples were digested in 
strong acid and the resulting extracts were tested by atomic absorption 
spectroscopy techniques. The acid treatment resulted in total ion 
extraction, freeing the metals from the soil and pore water. A 
representative portion of the sample was oven dried and the values reported 
in milligrams/kilogram (mg/kg) dry weight. Tests were conducted for 
arsenic, barium, cadmium, chromium, lead, mercury, selenium, and silver 
concentrations (the eight RCRA-listed toxic heavy metal contaminants). In 
addition zinc concentrations were determined because of its suspected 
presence at the site, even though it is not a RCRA listed contaminant. 
Groundwater samples were filtered in the lab and given a similar acid 
treatment. The results are reported in milligrams/liter (mg/1).

(ii) EP toxicity testing. Extraction procedure methodology, 
commonly referred to as EP toxicity testing, is a much less rigorous 
extraction of metals, designed to simulate typical leaching conditions in a 
landfill. Results are reported in mg/1 (as a concentration in an extract 
obtained in a specified manner). EP toxicity tests were performed on both 
soil and fill samples from Site 12.

(2) Organics. No testing for organic compounds was performed at 
Site 12 because none were suspected to be present at the site.

(3) Sulfur. Sulfur analyses were made to relate contamination 
to the areas where mustard disposal took place. Analyses were performed by 
direct combustion with a Leco sulfur analyzer.

(4) Mustard Screening. Samples of soil or fill (holes 12-2, 
12-5, and 12-6) having appearance or odor similar to material from Site 7C, 
the Mustard Burn Yard, were tested at the Pine Bluff Arsenal product 
assurance lab before they were released. These samples did not contain any 
Agent Mustard.

b. Laboratory Soil Classification. Atterberg limits, sieve 
analysis, and natural water content tests were performed on selected soil 
samples. The resulting classifications, based on the Unified Soil 
Classification System, are used to identify material types. Laboratory 
visual classifications were used to verify field classifications.

c. Laboratory Permeability Test. One falling head permeability test 
was performed on a specimen cut from undisturbed (denison) sample of high 
plasticity clay.
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3-04. Stratigraphic Results.

a. General. Site 12 is located within the present floodplain of the 
Arkansas River at approximate elevation 218. Figure 3-1 is a map of the 
geologic environments at Pine Bluff Arsenal showing the location of the 
site. Geologic sections across the site are presented on drawing 2.

b. Alluvial Deposits. Alluvial deposits at the site are silts and 
clays. There is a considerable amount of high plasticity clay near the 
surface over the northern two-thirds of the site. Approximately 5 feet of 
silt or silty clay overlie the clay. This clay layer has an average liquid 
limit of 49, a plasticity index varying between 20 and 40 and a 
permeability of 2.7 x 10~° cm/sec. Horizontal extent of the clay is shown 
on drawing 3.

c. Water Table. The water table at the site is nearly flat at 
approximate elevation 201, 17 feet below the ground surface. The gradient 
is both south (in the direction of flow in the river) and east (toward the 
Arkansas River).

3-05. Analysis.

a. Contamination Background Levels and Cleanup Limits. A consent 
agreement between the ADPC&E and PBA is the basis for this remedial action. 
This agreement is predicated on Arkansas law which prohibits pollution of 
Arkansas waters but does not identify contaminants or allowable limits. 
Through discussions and letters, the ADPC&E identified parameters and 
concentrations of concern as follows:

(1) Heavy Metals.

(i) Total ion concentrations. The maximum contaminant 
levels (MCL) for the 8 heavy metals listed in RCRA (40 CFR 261.24) were set 
at 10 times the background levels. "Arsenal-wide" background levels were 
calculated as the mean of 102 samples collected in uncontaminated areas 
near 17 of the sites.

(ii) EP toxicity concentrations. In addition to meeting the 
MCL for the total ion method, the ADPC&E also required that the samples not 
exceed one-tenth the regulatory values shown in RCRA (40 CFR 261.24) when 
analyzed using EP methodology. Table 3-1 lists background levels and MCL's 
(cleanup limits) for these heavy metals.

(2) Organics. A GC-mass-spectrometer scan was conducted on samples 
from those sites where there is evidence of disposal of organic compounds. 
At those sites where the tests revealed the presence of compounds listed in 
RCRA (40 CFR 261.33), an individual determination of the substance hazard 
was made. This was dependent on the compounds and the amount present in 
the sample. This determination was used to develop the recommended closure
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plan and is subject to approval of the ADPC&E. The organic compounds of 
primary concern are not naturally occurring, therefore, no organic testing 
was conducted on background samples collected in uncontaminated areas.

TABLE 3-1

HEAVY METAL BACKGROUND LEVELS AND CLEANUP LIMITS

Contaminant
Background 

Mean (mg/kg)
Site Cleanup Limits 

Total Ion EP Toxicity
MCL (mq/kq) MCL (mg/1)

Arsenic (As)
Barium (Ba)
Cadmium (Cd)
Chromium (Cr)
Lead (Pb)
Mercury (Hg)
Selenium (Se)
Silver (Ag)
Zinc (Zn) (1)

(1) Background level for zinc was determined since it is a common 
constituent of demilitarized ordnance wastes. Zinc is not a RCRA-listed 
contaminant, therefore, cleanup limits were not required by ADPC&E.

1.3 13.0 0.5
28.7 290.0 10.0

< 0.5 5.0 0.1
< 5.0 50.0 0.5

7.55 75.5 0.5
< 0.1 1.0 0.02

0.18 1.8 0.1
<0.5 5.0 0.5

8.5 (1) (1)

b. Determining Extent of Metal Contamination. As shown on drawing 
1, shallow auger holes were drilled in locations where contaminants would 
be concentrated (low areas, ditches, culverts, and burn areas). Samples 
from holes 12-2, 12-3, and 12-6, taken from separate burn pits, v^ere tested 
for arsenic, barium, cadmium, chromium, lead, mercury, selenium, silver, 
sulfur, zinc, and pH. Arsenic, barium, cadmium, chromium, and lead were 
found to be the primary contaminants and were selected for further testing. 
The depth to which the soil would be cleaned up at Site 12 was determined 
by comparing the measured values of each contaminant with the cleanup 
values presented in table 3-1. These data are presented graphically for 
each boring in Appendix III. With the results plotted in this manner, the 
depth of contamination is easily determined. The limits of contamination 
(as determined by total ion criteria) were checked with EP toxicity tests 
to insure that the limits of cleanup would not leave material which 
exceeded the cleanup limit for EP toxicity. Results were discussed in 
paragraph 3-05 d.

c. Determining Presence of Mustard and Mustard Byproducts. Samples 
from holes 12-2, 12-5, and 12-6 were tested for presence ofnustard or 
mustard byproducts. No mustard was found in any of the samples. Mustard
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byproducts were detected in samples from holes 12-2 (a pit) and 12-6 (a 
burn area).

d. Surface Debris. Pits and trenches southwest of the southern burn 
area (geologic section C-C, drawing 2) are filled with 100 and 500 pound 
mustard shell casings and 55 gallon drums. The agent and igniter rods were 
removed from these rounds, and they were then burned with thermite. Soil 
contamination around the rounds is minor and was caused by the thermite 
burning, not agent spillage. Igniter rods, after removal of the starter 
mix, were disposed of in pits near the northern burn area.

e. Contamination Results.

(1) Fill and Underlying Soil (Total Ion Results). Approximate!v 
four acres of Site 12 are covered with fill material or contaimnatefr^n’Tl. 
TtTg^majority of fill is burned residue from various types of dispel 
operations. The exception to this is the "fill" in the pit at hole 12-2.
This fill is black and cindery, very similar in appearance and odor to the 
demilitarized mustard at Site 7C. Mustard byproducts and high 
concentrations of sulfur were detected in this fill, however, no RCRA 
metals were present above cleanup limits. The fill in hole 12-2 was 
encountered from 5 to 8 feet. The remainder of the burned fill was present 
on the ground surface and varied between 1 and 3 feet in thickness. 
Contaminated soil ranged from 0 to 2 feet below the burned fill. No 
^conraminants were' de Luc Led—m Che pits which lieTo tne tubes containing 
igniter mix at the northern end of the site. An isopach of contaminated 
material is presented on drawing 3. Arsenic, barium, and lead are the 
major contaminants in the fill with concentrations as high as 24 mg/kg As, 
10,000 mg/kg Ba, and 4300 mg/kg Pb. Also found in a few of the sampled 
pits were cadmium and chromium with levels of 42 mg/kg Cd and 280 mg/kg Cr. 
Contamination of the underlying soil was minor. Highest levels were found 
to be 20 mg/kg As, 400 mg/kg Ba, and 240 mg/kg Pb. Site 12 was also tested 
for pH. Results indicate that the fill and soil is slightly basic with pH 
ranging from 8.21 to 9.15. Approximately 11,200 cubic yards of fill and 
contaminated material are present at Site 12. See Section IV for expanded 
closure plan quantities.

(2) Fill and Underlying Soil (EP Toxicity Tests). EP toxicity 
tests were performed on samples' just inside the physical boundary of 
contaminated materials based on total ion testing. In those cases where EP 
toxicity results exceeded the cleanup limit just inside the boundary, an 
additional sample just outside the boundary was tested. In all cases, 
total ion content was the controlling factor in setting the physical 
boundary of contaminated material. Additional EP tests were performed on 
the most highly contaminated samples of fill and soil from different parts 
of the site in order to judge the degree of contamination. All results are 
presented in table 3-2.
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Hole Depth (1)

TABLE 3-2RESULTS OF EP TOXICITY ANALYSIS
(mg/1)

Ba

CO
I

3

5

8

9
10

0.0-1.0
2.0- 3.0 
0.0-0.9 
0.9-2.0 
0.0-1.0
1.0- 2.0 
0.0-1.0 
0.0-1.0

<0.01
<0.01
<0.01
<0.01
<0.01
<^0.01
<0.01
^0.01

0.026
0.001

<0.001
0.002
0.003
0.001
0.006
0.014

2.6 
1-5, , 

93.o(2) 

0.55
5.7 

<0.5
2.7 
6.5

0.007
<0.002

0.015
0.005
0.098
0.005
0.017
0.017

<0.01
<0.01

0.02
<0.01

0.02
<0.01
<0.01
<0.01

< 0.0001 
<0.0001 
<0.0001 

0.0008 
< 0.0001 
<0.0001 
< 0.0001 
<0.0001

11 0.0-1.0 ^0.01 0.010 0.63 0.005 0.02 0.0008
2.0-3.0 <0.01 0.002 0.54 0.005 <0.01 0.0001

13 0.0-0.4 <0.01 <0.001 4.7 0.010 <0.01 <0.0001
16 0.0-1.0 <0.01 < 0.001 3.1 0.007 0.03 <0.0001
19 0.0-3.5 <0.01 0.013 <0.5 0.033 0.01 <0.0001
22 0.0-2.0 <0.01 0.001 <0.5 0.005 <0.01 <0.0001
34 1.0-2.0 <0.01 0.008 <0.5 0.005 0.01 <0.0001
35 0.0-2.0 < 0.01 0.064 < 0.5 0.005 0.01 <0.0001
37 0.0-1.0 <0.01 0.054 <0.5 0.005 <0.01 <0.0001
49 0.0-1.0 < 0.01 0.037 < 0.5 0.005 < 0.01 0.0004

RCRA 1 imit 5.0 5.0 100.0 1.0 5.0 0.2

(1) See the boring 
toxicity.

column in Appendix III (Boring-Contaminant Plots) for location

(2) Indicates that this test exceeds the ADPC&E cleanup limit for EP toxicity (10% ol

0.09 
0.05 
0.36 
0.04, , 
0.7l(^) 

0.03 
0.47 
0.12 
0.07 
0.06 
0.09 
0.15 
0.07 
0.03 
0.04 
0.03 
0.04 
0.04

5.0

<0.0004
< 0.0004
< 0.0004 

0.0005 
0.0040

< 0.0004 
0.0030 
0.0040

< 0.0004
< 0.0004
< 0.0004
< 0.0004 
^ 0.0004
< 0.0004 
<0.0004
< 0.0004 
^ 0.0004
< 0.0004

1.0



f. Groundwater Contamination. Groundwater encountered at Site 12 
belongs to the Jackson/Quaternary aquifer. This aquifer generally yields 
small amounts of poor quality water and is not used for any water supply 
purpose in the vicinity of the arsenal. Drinking water in the area is 
supplied from the Sparta Sand which is about 600 feet below the site and is 
separated from it by low permeability Jackson and upper Claiborne groups. 
Tests have been performed on groundwater samples from the four monitoring 
wells over a period of two years. Barium and chromium were the only heavy 
metal contaminants detected in the wells. Levels were very low with 
concentrations of 0.2 to 0.4 mg/1 Ba and 0.01 to 0.03 mg/1 Cr detected. 
Water quality standards are 1.0 mg/1 Ba and 0.05 mg./I Cr. Based on the 
results of the analyses on the water samples from the groundwater 
monitoring wells, it is concluded that Site 12 is not contributing to 
groundwater contamination.
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IV - CLOSURE PLAN

4-01. General. The closure plan for Site 12 consists of relocating the 
materials from this site to the Site 23A closure cell. As mentioned in the 
Site 23A Closure Plan, closure of Site 23A requires a considerable volume 
of off-site material to backfill the pond and provide above grade fill 
contours to promote site drainage. Consequently, compatibility tests were 
completed on samples from various sites, and it was determined that the 
Site 12 material is suitable for disposal at Site 23A. These test reports 
are given in Appendix IV. This type of off-site closure plan is 
environmentally feasible, since the waste material is not a hazardous 
waste. Consequently, its closure is not governed by RCRA regulations. 
Drawing 4 illustrates the regraded site, upon removal of the waste 
material. The following procedure would be followed during this closure 
process:

a. Site Clearing and Materials Relocation. Most of the site is 
wooded, requiring approximately 3.3 acres of clearing and grubbing to gain 
access to the waste material. The debris present at this site consists 
primarily of rusted munitions, shell casings and empty 55 gallon drums. 
The volume of this debris would be reduced as much as practical by crushing 
prior to its mixture with excavated contaminated soil materials in order to 
allow required compaction as fill material in order to minimize excessive 
settlement in the Site 23A closure cell. Allowing for 10% overexcavation, 
approximately 13,000 cubic yards of contaminated material would require 
removal to Site 23A.

During the excavation process, the area would be monitored for the 
presence of Agent Mustard. Should any be found, it will be decontaminated 
on-site, tested, and the byproducts transported to Site 23A for use as fill 
material. The decontaminated byproducts of Agent Mustard have been tested 
and are compatible with other wastes to be disposed at Site 23A. No active 
Agent Mustard will be transported off-site.

b. Site Restoration. Upon removal of the waste material, the site 
vvould be restored by replacing the excavated material with layers of 
compacted random fill material, followed by a topsoil layer and 
revegetation. During the process of backfilling the area, the fill would 
be graded to promote site drainage, and to eliminate the pits which 
are currently visually evident. Old mounds resulting from the original pit 
excavations would also be graded, in order to minimize off-site fill 
requirements and to result in a uniformly graded site. The final site 
contours are illustrated on drawing 4, with a 6-inch topsoil layer and 
revegetation consisting of temporary and permanent grass seeding, 
fertilizing and mulching.
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c. Erosion Control. Most of the site is sufficiently flat to have a 
minimal erosion potential. Consequently, the previously-discussed 
revegetation and site maintenance would be adequate in the flat areas. A 
portion of the northern segment of the site is on the Arkansas River bank. 
Disturbed areas on and in the immediate vicinity of the river bank would 
receive a layer of erosion control fabric. That portion of the site below 
the 25-year flood plain would also receive a layer of 12 inch minimum sized 
rip-rap.

d. Site Maintenance. The site would remain closed to burning or 
surface debris disposal indefinitely. The site would require maintenance 
for a period of approximately 2 years to prevent erosion until vegetative 
growth is firmly established. Periodic inspections would be conducted 
thereafter to insure against potential erosion and settlement problems with 
specific attention paid to the river bank area. Since the entire site is 
below the river's 100-year flood plain, regrowth of trees and brush would 
be encouraged. Groundwater monitoring will be discontinued after site 
closure since contaminated materials will no longer be present at this 
site.
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V - ALTERNATIVE CLOSURE PLANS

5-01. Alternative On-Site Closure Plan. This alternative closure plan 
would utilize the clay layer underlying a portion of the site to construct 
an on-site closure cell. A cutoff wall constructed of low-permeability 
material would be keyed into this clay layer, followed by a containment 
levee and cell cap, both also constructed of low-permeability material. 
Figure 5-1 illustrates this closure configuration. The closure cell would 
be located over a portion of the contaminated material, with the balance of 
the waste material to be excavated and placed within the limits of the 
closure cell.

The completed cell would be topsoiled and revegetated, with the 
balance of the site to be filled, graded, and revegetated in a manner 
similar to that discussed in Section IV for the proposed closure plan. This 
alternative plan is feasible because the waste material is non-hazardous, 
and can therefore be consolidated on site, and because the erosion 
potential for the cell site is minimal, even though the average existing 
ground level is approximately 2 feet below the 100-year flood plain.

This alternative closure plan is not cost effective, as indicated in 
Section VI, primarily due to the quantity of low-permeability material 
required to construct the cut-off trench, the containment levee and the 
clay cap.

5-02. Alternative Off-Site Closure Plan. None of the other arsenal 
closure sites except Site 23A have sufficient excess space available for 
disposal of Site 12 wastes, consequently disposal at the hazardous 
waste landfill is the only alternative off-site closure plan which is 
technically feasible. This closure plan would be basically identical to 
the proposed closure plan with regard to remedial site work.

The hazardous waste landfill capacity required for this closure plan 
has been based on 15,500 cubic yards of material which allows for 15% 
overexcavation and a 20% volume increase to reflect the bulking which 
occurs during placement and recompaction. As itemized in Section VI, the 
costs associated with providing hazardous waste landfill capacity for the 
materials at this site eliminate this alternative from further 
consideration.
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Designated Uses 
Delta Ecoregion 

(Plates D-1, D-2, D-3, D-4 )

Extraordinary Resource Waters 
Second Creek {D-4)
Cache River above Cache Bayou - adjacent to natural areas (D-3) 
Arkansas River below Dam #2 (D-5)
Strawberry River (D-1)
Two Prairie Bayou adjacent to natural areas (D-3)

Natural and Scenic Waterways 
None

Ecologically Sensitive Waterbodies
Lower St. Francis River and lower 10 miles of Straight Slough - 

location of fat pocketbook mussel (D-2, D-4)
Right Hand Chute at confluence with St. Francis River - location 

of fat pocketbook mussel (D-2)
Departee Creek - location of flat floater mussel (D-1)
Black River at mouth of Spring River - location of pink mucket 

mussel (D-1)

Primary Contact Recreation - all streams wi'th watersheds of 
greater than lO mi^ and all lakes/reservoirs

Secondary Contact Recreation - all waters
Domestic, Industrial and Agricultural Water Supply - all waters

Fisheries
Trout - none
Lakes and Reservoirs - all 
Streams

Seasonal Delta fishery - all streams with watersheds of less than 
10 mi* except as otherwise provided in Section 6(E)

Perennial Delta fishery - all streams with watersheds 10 mi* or 
larger and those waters where discharges equal or exceed 1 CFS

Use Variation Supported by UAA
Unnamed ditch to Little Lagrue Bayou - perennial Delta fishery 

(D-3, #1)
Little Lake Bayou - seasonal Delta fishery; no primary contact 

(D-5, #2)
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STATE CITY NAME 

AR PINE BLUFF

COMMUNITY

OAK PARK

FIPSCOOE LATITUDE LONGITUDE 

05069 34.2900 92.0933

Press RETURN key to continue ...

CENSUS DATA
ssssssssssss

Pine Bluff Arsenal
LATITUDE 34:20:22 LONGITUDE 92: 3:54 90BK POPULATION

SECTOR
KM 0.00- .400 .400-.810 .810-1.60 1.60-3.20 3.20-4.80 4.80-6.40 TOTALS

S 1 0 0 0 0 545 543 1088

RING 0 0 0 0 545 543 1088
TOTALS

Press RETURN key to continue ...
Esc for Attention, Home to switch n Capture Off n On: 00:06:36



PRE-SCORE 

REFERENCE 16



RCRA FACILITY ASSESSMENT EVALUATION 

PRELIMINARY REVIEW, VISUAL SITE INSPECTION AND SAMPLING VISIT 

Region VI, Technical Compliance Section

^Y'S NAME(S): U.S. Pine Bluff Arsenal
[m NUMBER: ______ARD213820707

fjS; Roemer Road, Pine Bluff, Arkansas________________________

OF INSPECTION: May 18-23, 1987
OF SAMPLING VISIT: August 24-25, 1987 SV CONDUCTED BY: A.T. Kearney/Centaur
lESCRIPTION: US Army facility manufacturing and assembling incendiary devices. 

NiED BY: A.T. Kearney-Centaur DATE PREPARED: July 16, 1987

ON: U.S. Highway 65 and Roemer Road Pine Bluff. AR

KED BY: Bobby Williams DATE REVIEWED: August 1987 / 12-2-87

IPATED DRAFT PERMIT DATE: 3rd Qtr., 1987
ITY STATUS: Active

OH-GOING STATE/FED 264. 2^ or 270 CORRECTIVE ACTION OR CERCLA ACTION;
Historical sites identified in 1984 for closure by ADPC&E.

FACILITY HAVE A CERCLA FILE? YES X NO
MS the CERCLA PA/SI performed at this facility:

facility have uic well? yes NO X

March 2. 1982

PE:

OF DRINKING WATER SUPPLY WITHIN A 3-MILE RADIUS:

wells for human consumption.

■POPULATION WITHIN A 3-MILE RADIUS: Approximately 500 persons.

SIND^NS: X R.F.I. I.M. No Further Action under RFA
(Indicate only one unless I.M. is marked) 

X 3004(u) ___  3007
3008(a)Possible Enforcement Action: 3008(h)

10/6/87



5.10 SWMU #10 - Mustard Burn Pits (Site 12) (Photo A.71)

5.10.1 Information Summary

i
a

J

Unit Description: The Mustard Burn Pits are east of SWMU # 7 - Bombing

Mat (Section 5.7) on Doolittle Road. The unit was primarily used as a 

burn and disposal area for mustard munitions. Scattered across the 

surface area are trenches that are a result of the disposal operations. 

Four parallel trenches on the southern end of the unit conteiin rusted 

munitions and 55“gallon drums. A larger pile of debris exists west of 

the these trenches where shell casings were stacked and burned with 

Thermite. A smaller pile is present south of the trenches. A large 

burning area located in the central portion of the unit covers 

approximately one acre. Ash and debris eire scattered over the burned 

ground and a heavy cover of grass now masks much of the area (Photo 

A.71). Pits on the northern end of the unit contain the remains of tubes 

which held igniter mix for the munitions. A smaller bum area in the 

northern portion of the unit covers about 10,000 square feet. The unit 

is adjacent to the Arkansas River and is relatively flat at an 

approximate elevation of 2l8 feet above MSL, just below the 100-year 

flood elevation of 220.3 feet above MSL. Grass, heavy underbrush, and 

trees now cover the site. This unit is not a RCRA-regulated unit.

ADPCiE has approved a Closure Plan for this unit. (21, 23, 37)

Dates of Operation; This unit was active from 19^2 to 1948. (21) It is 

an inactive unit.
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Wastes Managed: Wastes managed at this unit include mustard munitions.

(19)

Release Controls: There are no release controls associated with this

unit.

History of Releases; Contaminants detected at the burn pits include 

arsenic, barium, cadmium, chromium, lead and mustard by-products 

(sulfur). This information was collected from 105 borings and four 

monitoring wells. The materials found to be contaminated are fill, 

surface €ind shallow soils and ground water. Fill is considered to be ' 

burn residue and is present at several points at the site. Contamination'i 

of soils reached three feet in depth and 11,200 cubic yairds in volume. 3' 

The highest concentration of contaminants found in the soils are as 

follows: arsenic, 24 mg/kg; barium, 10,000 mg/kg; cadmium, 42 mg/kg;

chromium, 280 mg/kg; lead, 4,300 mg/kg; sulfur, 12,000 mg/kg. Ground 

water at the unit occurs at approximately 17 feet and was sampled from 

four wells ranging from 25 to 38 feet in depth. Barium (0.4 ppm) and 

chromium (0.03 PPm) were the only heavy metals detected. (21)

5.10.2 Release Potential

Soil/Ground Water: The soil at the unit is contaminated and

the ground water exhibited the presence of metals in 

concentration below drinking water standards. (21)
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Surface Water; There is a high potential for surface water 

contamination. The soil is already contaminated and the unit 

is on the bank of the Arkansas River.

ti

Air; There is a low potential for an air release due to the 

length of time the wastes have been here.

Subsurface Gas; There is a low potential for subsurface gas 

generation due to the composition of the weistes.
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5.11 SWMU # 11 - Abandoned Burn Pit (Site 15A) (Photos A.73-A.74)

5.11.1 Information Summary

Unit Description; The Abandoned Burn Pit is located on McCoy Road about 

one mile west of SWMU #7 - Bombing Mat (Section 5.7). It was used as a 

burn area for pyrotechnic materials, particularly CN, a tear agent. The 

unit is approximately 12 acres and is relatively flat. It is about 245 

feet above MSL, and ranges from partly barren to partly grassed and 

wooded. A small natural drainage area with a small pond exists near the 

center of the unit. Some regrading and covering has apparently taken 

place. Bum residue is visible on the surface area. This is not a RCRA-*' 

regulated unit. (5) ‘

Date of Operation; This unit was active from World War II through the 

late 1960s. (5)

Wastes Managed; This unit burned pyrotechnic materials, particularly CN, 

a tear agent.

Release Controls; There are no release controls associated with this 

unit.

History of Releases; A total of 86 borings was completed at this unit 

and ranged in depth from five to forty feet. Sixty borings were drilled 

to about 10 feet. Soils, burn residue and the perched water table (one- 

two feet in depth) were analyzed for heavy metals. Lead contamination in
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surface soils ranged from 10 mg/kg to 36 mg/kg. Sampling of the perched 

water table (one-two feet) indicated arsenic and lead contamination at 

0.09 ppm and 0.06 ppm, respectively. (5)

5.11.2 Release Potential

Soil/Ground-Water: The soil is contaminated with arsenic and

lead. There is a low potential for ground-water contamination, 

since the water table is about 40 feet below ground surface and 

the presence of clays and fine grained sands above the water 

table.

1

Surface Water; There is a high potential for surface water 

contamination. This unit is drsdned by a smedl intermittent 

stream which in turn drains into Tulley Lake.

Air; The potential for an air release is low since any 

volatilization of constituents would have already occurred.

Subsurface Gas; There is a low potential for subsurface gas 

generation due to the composition of the wastes.
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RCRA FACILITY INVESTIGATION WORKPLAN REPORT 
PINE BLUFF ARSENAL

GROUP II SOLID WASTE MANAGEMENT UNITS 
EXECUTIVE SUMMARY

This report is submitted in response to Joint Permit 13-H which requires that 
Pine Bluff Arsenal submit a Workplan Report on the 20 Group II Solid Waste 
Management Units (SWMUs) by 1 May 1991. This report presents the investigative 
history of the 20 Group II SWMUs from waste generation to the design of site 
remediation. Due to the large number of SWMUs involved and the need to present 
the information in a consistent and readily understandable format, the pe|art 
consists of a main volume with appendixes. The main volume contains general 
information and is designed to provide the reviewer with an overview of the 
investigations and the remediation design.
General information is presented in the front of the main report and specific 
information regarding individual SWMUs is presented in the latter portion of the 
same volume. The SWMUs are discussed in separate sections of the report divi<[od by index tabs. Each SWMU section concisely describes the unit, the \Kasie 
constituents, the geotechnical and groundwater investigations, and the design 
remedial actions. Maps and drawings are provided for each SWMU showing 
location, monitoring well and soil sample locations, pertinent geologic 
information and site closure plans. The groundwater and soil sample.daUl 
as the design basis, are summarized and presented in tables.
The site closures at these 20 SWMUs were designed and constructed in cpiPpIlAnce 
with two previous legal documents: a consent agreement between PBA and AQPtE
dated May 4, 1984; and Joint Hazardous Waste Management Permit Number 9-H, was issued by the EPA and the ADPCE to PBA on 3 July 1986, The'dfsign ||^ 
construction were completed before preparation of a RCRA Facility Inve||igitiOn 
Workplan became a requirement under Permit 13-H. This Workplan Report docipents 
the investigations leading up to the design and construction. The closure reports are provided as supplementary information along with infonniation 
documenting the investigation methodology.
Remedial actions for the 20 Group II SWMUs were included in the Fiscal Ypar 
MCA (Military Construction - Army) Project that included closure of 21 historic 
waste sites and provided run-on/run-off control at two additional sites. The 
closure methods included removal of contaminated material and/or in-place 
isolation utilizing an impervious cap (at Site 16A) or a combination of g wall and an impervious flexible membrane lined cover. The overall Si^ene is 
summarized in Figure 3 and each individual Group II SWMU is discus.sejl lat.er in 
this volume and detailed in the respective appendix. Remediation of egch site 
has been completed and will be documented in the follow-on RFI Report.
No additional studies are planned, since remediation has heen conpleto!^. The 
groundwater monitoring will continue as required by Permit 13^^! .and the 
individual site closure plans.



RCRA FACILITY INVESTIGATION WORKPLAN REPORT 
PINE BLUFF ARSENAL

GROUP II SOLID WASTE MANAGEMENT UNITS 

TABLE OF CONTENTS
VOLUME 1
Executive Summary........................................................................................  i
Index of RFI Work Plan Requirements............................................................ iv

1. Introduction...........................................................................................  1
1.1 Work Plan Organization.................................................................... 1

2. Description of Current Conditions......................................................... 2
2.1 Facility Background Information..................................................  2

2.1.1 General............................................................................... 2
2.1.2 Group II SWMUs.................................................................... 2
2.1.3 Arsenal Boundaries and Land Use............................................ 6
2.1.4 Topography..........................................................................  6
2.1.5 Meteorology and Air Quality................................................ 6
2.1.6 Surface Water........................................................................ 6
2.1.7 Geology................................................................................. 9
2.1.8 Groundwater................................................................... v..ll
2.1.9 Aerial Photographs...............................................................11

2.2 Nature and Extent of Contamination................................................ IS
2.2.1 Environmental Investigations, Group II SWMUs........................ 15
2.2.2 Data Obtained During Environmental Investigations^^............. 18

2.3 Implementation of Interim Corrective Measures................................. 19‘.
2.3.1 Background Level Studies..................................................... 19

2.4 Summary of Permits......................................................................... 21
3. Schedule for Specific RFI Activities.....................................................22
4. Procedures for Characterizing the Contaminant Source and the
Environmental Setting............................................................................. ....22

4.1 Contaminant Source Characterization.........................................  ..22-
4.2 Environmental Setting Characterization.......................................... 22

5. Monitoring and Data Collection Procedures..............................................28
6. Assembling Existing Data to Characterize the Contaminant Release......... 24
7. Quality Assurance/Quality Control Procedures........................................ 24''

8. Data Management and Reporting Procedures............................................... 24
9. Identification of Potential Receptors....................................................24
10. Health and Safety Procedures................................................................ 25
11. Information on Individual Solid Waste Management Units....................... 25

ii



The remaining subsections are separated by index tabs and the page numbers 
indicate the site number and the order of the page in the subsection.
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White Phosphorous Landfill
Old Product Assurance Test Area
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Agent BZ Pond
Solid Waste ARK-LA Site
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NCTR Equalization Pond 
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INDEX OF RFI WORKPLAN REQUIREMENTS

A.

D

DATA COLLECTION AND QUALITY ASSURANCE 
PLAN
DATA COLLECTION STRATEGY
Description of the intended uses for 
the data, and the necessary level of 
precision and accuracy for these 
intended uses;
Description of methods and procedures 
to be used to assess the precision, 
accuracy and completeness of the 
measurement data;
Sampling and Field Measurements
Selecting appropriate sampling and 
field measurements locations, depths, 
etc.;
Providing a statistically sufficient 
number of sampling and field 
measurement sites;
Determining conditions under which 
sampling or field measurements should 
be conducted;
Determining which parameters are to be 
measured and where;
Selecting the frequency of sampling and 
length of sampling period;
Selecting the types of sample (e.g., 
composites vs. grabs) and number of 
samples to be collected;
Measures to be taken to prevent 
contamination of sampling or field 
measurements equipment and cross 
contamination between sampling points;
Documenting field sampling operations 
and procedures;

REFER TO THE INDICATED 
REPORT SECTIONS OR PAGES 
FOR DOCUMENTATION:

B-10, E-2, 1-26

Appendixes H and I

B-14, 1-53

B-10, E-8

E-3, F-1, G-5

1-26

D-30

D-36, E-11

D-26

D-41, E-10, G-6, G-13

!

i. Selecting appropriate sample 
containers;
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B.

C.
D.
E.

j. Sample preservation; and

k. Chain-of-custody.
Sample Analysis 

Chain-of-custody procedures;a.
b.

c.
d.

1.

2.

3.

Sample storage procedures and holding 
times;
Sample preparation methods;
Analytical procedures;

e. Calibration procedures and frequency;

f. Data reduction, validation and 
reporting; and

g. Internal quality control checks, 
laboratory and systems audits and 
frequency performance
DATA MANAGEMENT PLAN
Data Record

Tabular Displays

Graphical Displays

HEALTH AND SAFETY PLAN 

COMMUNITY RELATIONS PLAN 

PROJECT MANAGEMENT PLAN

B-15, D-48, F-3, G-8, 
1-32, 1-37
A-6, D-42, 1-59, 1-70

A-6, D-42, 1-59, 1-70 

B-15, D-48

A-7, B-12, B-16
Appendixes A, B, and C; 
F-5, G-10, 1-33, 1-39
A-4, A-20, B-52, F-2, 
1-34
A-13, G-16, 1-35

A-l, A-146, 1-18, 1-23,^ 
1-34, 1-51

Refer to Main Report and 
SWMU Discussions
Refer to Main Report and 
SWMU Discussions
Refer to Main Report and 
SWMU Discussions
Appendix J
Appendix K
1-14

This list is based on pages 65 through 68 of Pine Bluff Arsenal RCRA Permit 
No. 13-H.



11.7: SITE 12 - SWMU NUMBER 10 
Mustard Burn Pits

LIST OF PERTINENT SITE MAPS AND PLANS:
UNIT LOCATION MAP: Figure 12-1
PLAN OF EXPLORATIONS: Figure 12-2
GEOLOGIC SECTION: Figure 12-3
ISOPACH OF CONTAMINATED MATERIAL: Figure 12-4
MONITORING WELLS: Figure 12-5
SITE CLOSURE PLAN: Figure 12-6

UNIT DESCRIPTION: Site 12, the Mustard Burn Pits, was originally a 25 acre
wooded area containing several mounds and trenches and a one acre burn area in 
the center. The site was used from 1942 through 1948 for the burn and 
disposal of mustard munitions. The location of Site 12 is shown on Figure 
12-1.
DESCRIPTION OF CONTAMINANTS: The site contained wastes from the disposal of
mustard munitions. The contaminants included heavy metals. Figure 12-4 
presents an isopach of the contaminated area. Neither surface waste nor 
subsurface materials classified as hazardous waste. Concentrations of 
contaminants in groundwater samples did not exceed water quality standards, .i
INVESTIGATIONS J

SOIL SAMPLING: Fifty-six auger holes 5 to 15 feet deep and one denison hole
15 feet deep, were drilled in 1984 and 1985. Boring locations and a 
subsurface profile are shown on Figures 12-2 and 12-3. In addition eight test 
pits were dug in the trenches and munitions piles. Soil from the holes was 
described in the field and shipped to the Corps of Engineers Southwestern 
Division Laboratory in Dallas for classification and EP toxicity testing. 
Falling head permeability tests were performed on six undisturbed denison 
samples. Those holes which penetrated a clay layer were backfilled with 
grout. Soil sample results are summarized in Tables 12-1 and 12-2.
GROUNDWATER MONITORING: In 1982, one upgradient and 3 downgradient monitoring
wells were installed with reporting on STORET. Locations of monitoring wells 
are shown on Figure 12-5. Groundwater monitoring data is presented in Tables 
12-3 through 12-6.
REMEDIAL ACTION: The contaminated material (15,500 cubic yards) would be
taken to Site 23A (SWMU Number 62), where fill material would be needed in 
order to complete the Site 23A closure. A site plan of the closure is shown 
on Figure 12-6. A detailed description of the recommended remedial actions is 
provided in the Mustard Burn Pits Closure Plan.
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SITE 12

Figure 12-1 Site 12 Location Map
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TABLE 12-1
EP TOXICITY ANALYSIS i 

Mustard Burn Pit; 
Site 12 - SWMU 1

(mg/1)

3
HOLE DEPTH Aq As Ba Cd Cr Hq Pb Se

3 0.0-1.0 <0.01 0.026 2.6 0.007 <0.01 <0.0001 0.09 <0.0004
3 2.0-3.0 <0.01 0.001 1.5 <0.002 <0.01 <0.0001 0.05 <0.0004
5 0.0-0.9 <0.01 <0.001 93.0® 0.015 0.02 <0.0001 0.36 <0.0004
5 0.9-2.0 <0.01 0.002 0.55 0.005 <0.01 0.0008 0.04 0.0005
8 0.0-1.0 <0.01 0.003 5.7 0.098 0.02 <0.0001 0.71® 0.0040
8 1.0-2.0 <0.01 0.001 <0.5 0.005 <0.01 <0.0001 0.03 <0.0004
9 0.0-1.0 <0.01 0.006 2.7 0.017 <0.01 <0.0001 0.47 0.0030
10 0.0-1.0 <0.01 0.014 6.5 0.017 <0.01 <0.0001 0.12 0.0040
11 0.0-1.0 <0.01 0.010 0.63 0.005 0.02 0.0008 0.07 <0.0004
11 2.0-3.0 <0.01 0.002 0.54 0.005 <0.01 0.0001 0.06 <0.0004,
13 0.0-0.4 <0.01 <0.001 4.7 0.010 <0.01 <0.0001 0.09 <0.0004
16 0.0-1.0 <0.01 <0.001 3.1 0.007 0.03 <0.0001 0.15 <0.0004
19 0.0-3.5 <0.01 0.013 <0.5 0.033 0.01 <0.0001 0.07 <0.0004
22 0.0-2.0 <0.01 0.001 <0.5 0.005 <0.01 <0.0001 0.03 <0.00041
34 1.0-2.0 <0.01 0.008 <0.5 0.005 0.01 <0.0001 0.04 <0.00041
35 0.0-2.0 <0.01 0.064 <0.5 0.005 0.01 <0.0001 0.03 <0.00041
37 0.0-1.0 <0.01 0.054 <0.5 0.005 <0.01 <0.0001 0.04 <0.0004
49 0.0-1.0 <0.01 0.037 <0.5 0.005 <0.01 0.0004 0.04 <0.0004

Cleanup Limit 0.5 0.5 10.0 0.1 0.5 0.02 0.5 0.1

Indicates that this test exceeds 
(10% of the RCRA limit).

the ADPC&E cleanup limit for EP Toxicity
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TABLE 12-2
SOIL CHEMISTRY AND CLEANUP LIMITS 

Mustard Burning Pits
Selected Samples to Illustrate Contamination, mg/kg 

SITE 12 - SWMU 10
HOLE DEPTH Silver Arsenic Barium Cadmium Chromium Mercury Lead Seleniu

m
Zinc

12-1 0.0-1.0 0.7 8.3 170 0.7 16 <0.1 200 <0.1
12-1 1.0-2.0 <0.5 1.9 90 0.7 8.0 <0.1 39 <0.1
12-1 2.0-3.0 <0.5 1.1 52 <0.5 5.1 <0.1 6.4 <0.1
12-1 3.0-6.0 <0.5 1.2 61 <0.5 6.4 <0.1 12 <0.1
12-1 6.0-9.0 <0.5 1.8 100 <0.5 10.0 <0.1 8.5 <0.1
12-1 9.0-10.0 0.5 2.5 150 0.5 8.4 <0.1 11 <0.1
12-5 0.0-0.9 7.9 5.8 10,000 4.8 280 <0.1 1,100 1.0
12-5 0.9-2.0 0.7 6.1 310 0.9 11 <0.1 19 <0.1 210
12-5 2.0-3.0 4.2 35

12-13 0.0-0.4 0.6 <0.1 2,600 0.6 45 <0.1 5.6 <0.1 19
12-13 0.4-1.4 <0.5 3.9 94 0.3 11 <0.1 11 <0.1 37
Cleanup Limit 5.0 13.0 290.0 5.0 50.0 1.0 75.5 1.8 **

** Background level for zinc was determined since it is a common constituent of 
demilitarized ordnance wastes. Zinc is not a RCRA-listed contaminant, therefore, 
cleanup limits were not required by ADPC&E.

12-9



K)I

O

1.8 STICKUP

PUC CASING 4.in 
THREADJOINT

CEMENT GROUT

-10 -

BENTONITE SEAL

WELL SCREEN 
0.010in SLOTS SAND FILTER

-30 -

-35 -

SITE 12 U/G 
MONITORING WELL 165



WE

TABL 
MUSTARD 
SITE 12

LL 165 - U

E 12-3 
BURN PIT 
- SWMU 1

pgradieni

S
0
: Well

DATE ARSENIC
H/ig/1

CADMIUM
M9/1

LEAD
M9/1

SELENIUM
M/1

ZINC
M/1

BARIUM
M/1

CHROMIUM
M/1

MERCURY
M/1

SILVER
M/1

TOTAL
ORGANIC
CARBON

mq/1

TOTAL
ORGANIC
HALOGEN

mg/1

pH AVERAGE LAB 
CONDUCTIVITY 

iimhos/cm

NIPDWR 50 10 50 10 5000* 1000 50 2 50 6.5-8.5*
Mean Back

ground
1 0.1 3 0.2 320 150 20 0.03 0.009 18.1 0.20 6.5 541

03/29/83 10 <5 <10 <5 300 30 <0.2 <10 50 .03 6.80 558
06/21/83 <10 <5 <10 <5 200 <10 <0.2 <10 57.5 .05 6.80 1155
09/27/83 <10 <5 <5 <5 500 <25 <0.2 <25 9.25 .055 7.00 524
04/24/84 <10 1 3 <5 22 <300 <1 <0.2 <10 6.0 <.01 6.60 1035
03/18/85 <10 <1 <5 <5 98 358 7 <0.2 <25 7.20 898
08/13/85 <10 <1 7 <5 123 444 2 <0.2 <25 6.7 1098
04/07/86 26 <1 <5 <5 46 <300 <10 <0.2 <25 6.7 1174
03/23/87 11 <1 <1 <1 90 240 <20 0.4 <20 6.6 1015

NIPDWR - Primary Drinking Water Standards ^Secondary Drinking Water Standards 40 CFR §143.3
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3.2 STICkUP

PUC CASING 4.in 
THREAOJOINT

CEMENT GROUT-5

-10 -
BENTONITE SEAL

-15 -

SAND FILTER-25 -■

UELL SCREEN
e.eiein slots-30 -•

-35 J-
SITE 12
MONITORING WELL 166



(J

WEL

TABLE 12-4
MUSTARD BURN PITS
SITE 12 - SWMU 10

. 166 - Downgradient Well
DATE ARSENIC

M9/1
CADMIUM

M/1
LEAD
M/1

SELENIUM
M/1

ZINC
M/1

BARIUM
M/1

CHROMIUM
Mg/1

MERCURY
M9/1

SILVER
M9/1

TOTAL
ORGANIC
CARBON

mg/1

TOTAL
ORGANIC
HALOGEN

mg/1

pH AVERAGE LAB 
CONDUCTIVITY 

/imhos/cm

NIPDWR 50 10 50 10 5000* 1000 50 2 50 6.5-8.5*
Mean Back

ground
1 0.1 3 0.2 320 150 20 0.03 0.009 18.1 0.20 6.5 541

03/29/83 <10 <5 <10 <5 400 10 <0.2 <10 78.5 0.04 6.90 718
06/21/83 <10 <5 <10 <5 400 <10 <0.2 <10 69.5 0.05 6.80 1235
09/28/83 <10 <5 <5 <5 800 <25 <0.2 <25 6.4 0.03 7.10 524
03/18/85 <10 <1 <5 <5 291 784 3 <0.2 <25 7.10 1050
08/13/85 <10 <1 <5 <5 123 776 1 <0.2 <25 6.80 1175
04/07/86 15 <1 <5 <5 24 704 <10 <0.2 <25 7.00 1388
03/23/87 <5 <1 <1 <1 240 560 <20 <0.2 <20 6.50 1495

to
O)

NIPDWR-Natlonal Interim Primary Drinking Water Regulations "^Secondary Drinking Water Standards 40 CFR §143.3
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5 -T

0

DE
P
T
H
I
N

-5 -•

“10 “

FE-15 
E 
T

-20 4

-25 -

EL 217.1

PUC CASING 4.in 
THREADJOINT

WELL SCREEN 
0.010in SLOTS 
18.4 TO 23.2

2.4 STICKUP

CEMENT GROUT

BENTONITE SEAL 
8.5 TO 13.5

WL= 15.2 2-15-83

SAND FILTER 
13.5 TO 27.

SITE 12
MONITORING WELL 167
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TABLE 12-5
MUSTARD BURN PITS
SITE 12 - SWMU 10

WELL 167 - Downgradient Well
DATE ARSENIC

M9/l
CADMIUM

M/1
LEAD
M/1

SELENIUM
M/1

ZINC
M/1

BARIUM
M/1

CHROMIUM
M/1

MERCURY
M/1

SILVER
M/1

TOTAL
ORGANIC
CARBON

mg/1

TOTAL
ORGANIC
HALOGEN

mg/1

pH AVERAGE LAB 
CONDUCTIVITY 

/imhos/cm

NIPDWR 50 10 50 10 5000* 1000 50 2 50 6.5-8.5*
Mean Back

ground
1 0.1 3 0.2 320 150 20 0.03 0.009 18.1 0.20 6.5 541

03/29/83 <10 <5 <10 <5 300 10 <0.2 <10 55 0.04 7.10 602
06/21/83 <10 <5 <10 <5 400 <10 <0.2 <10 45.5 0.09 7.30 980
09/28/83 <10 <5 <5 <5 500 <25 <0.2 <25 5.2 0.02 7.30 431
04/24/84 <10 1 <1 <5 211 <300 <1 <0.2 <10 3.8 <0.01 7.00 850
03/18/85 <10 <1 <5 <5 225 678 1 <0.2 <25 7.90 778
08/13/85 <10 <1 8 <5 487 539 1 <0.2 <25 7.00 875
07/28/86 16 <1 15 18 454 <10 <0.2 <25 7.28 888
03/23/87 <5 <1 16 <1 350 450 <20 <0.2 <20 6.90 878

lOI
oi

NIPDWR-Natlonal Interim Primary Drinking Water Regulations ^Secondary Drinking Water Standards 40 CFR §143.3
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5 -t

0

-5
DE
P
T-10
H
IN-15
F
EE-20
T

-25 -

-30 -

EL 217.9

PUC CASING 4.in 
THREADJOINT

WELL SCREEN 
0.010in SLOTS 
23.4 TO 28.

♦

2.4 STICKUP

CEMENT GROUT

__ BENTONITE SEAL
12. TO 17.

.g__ WL= 18. 2-15-83

__ SAND FILTER
17. TO 33.

SITE 12
MONITORING WELL 168



TABLE 12-6
MUSTARD BURN PITS
SITE 12 - SWMU 10

WELL 168 - Downgradlent Well
DATE ARSENIC

M9/1
CADMIUM

/ig/1
LEAD
M9/1

SELENIUM
M/l

ZINC
M/l

BARIUM
M9/1

CHROMIUM
M/l

MERCURY
/i9/l

SILVER
M9/1

TOTAL
ORGANIC
CARBON

mg/1

TOTAL
ORGANIC
HALOGEN

mg/1

pH AVERAGE LAB 
CONDUCTIVITY 

/imhos/cm

NIPDWR 50 10 50 10 5000* 1000 50 2 50 6.5-8.8*
Mean Back

ground
1 0.1 3 0.2 320 150 20 0.03 0.009 18.1 0.20 6.5 541

03/29/83 <10 <5 <10 <5 <100 <10 <0.2 <10 43 0.05 7.10 562
06/21/83 <10 <5 <10 <5 300 <10 <0.2 <10 30.5 0.06 7.20 710
09/28/83 <10 <5 <5 <5 400 <25 <0.2 <25 6.8 0.02 7.30 355
04/24/84 <10 <1 1 <5 36 <300 <1 <0.2 <10 3.5 <.01 7.10 692
03/18/85 <10 <1 <5 <5 180 572 <1 <0.2 <25 7.40 598
08/13/85 <10 <1 <5 <5 275 397 1 <0.2 <25 7.00 618
04/07/86 <10 <1 <5 <5 238 315 <10 <0.2 <25 7.05 600
03/23/87 <5 <1 <1 <1 210 330 <20 <0.2 <20 6.70 675

ro»
-si

NIPDWR-National Interim Primary Drinking Water Regulations ^Secondary Drinking Hater Standards 40 CFR §143.3



750 North St Paul Suite 700
Dallas, Texas
75201-3222
214/979-3900 
Fax 214/979-3939 4
ICF TECHNOLOGY INCORPORATED

DOCUMENT TRANSMITTAL RECORD

TO: ERA Region 6 WAM or Malcolm Bender

FROM; Debra Pandak, ICF Technology Inc

REF: ARCS Contract No. 68-W9-0025 
WA _____

The report for ^SeynaJ J was delivered to EPA

J^l /f f3 by ICF Technology Inc,

Please sign or initai receipt of document below:

Name Date
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